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Original Communications 


THE ESOPHAGEAL PULSE UNDER NORMAL AND ABNORMAL 
CONDITIONS 


ALBERTO M.D. 
BuENOS AIRES, ARGENTINA 


N THE study of the dynamics of the circulation, graphic methods 

are indispensable. Although the common methods fail in the case 
of the left auricle and the descending aorta, the proximity of the 
esophagus to these structures makes it possible to study them. 

The first to mention the existence of a cardiac pulsation in the 
esophagus was Luciani' (1877); ten vears later, in 1887, I'redericeg? 
made the first thorough study. He described a curve characterized 
by a negative, auricular, systolic wave and a large negative, ventricu- 
lar, systolic wave. On the other hand, Rautenberg,* in 1907, deseribed 
an esophageal pulse curve showing positive auricular and ventricular 
systolic waves. Of those who have investigated this subject subse- 
quently, some agreed with Frederieq (Sarolea,* Minkowski,’ Janow- 
ski, Vaquez‘') and others with Rautenberg (Pace,* Clere,’ Barie,’ 
Bard,'' Edens,'? Weitz'*). As we shall see later, faulty technique, in 
some eases, and the incompleteness of the study in others, explain these 


0 


discrepancies. 

After the development of electrocardiography, this method, like 
other graphic methods, was abandoned. Nevertheless, the esophageal 
pulse is undoubtedly useful in the diagnosis of some obscure valvular 
diseases, especially in opening a new field for the study of the dy- 
namies of the heart in mitral disease. 


METHOD 


A brief review of the relations between the esophagus and the heart and great 
vessels will be helpful in understanding the esophageal pulse. 

At the level of the third dorsal vertebra, the esophagus is crossed and com- 
pressed by the arch of the aorta. These structures descend from this point to- 
gether in the posterior mediastinum. The esophagus passes obliquely to the left, 
and crosses in front of the .aorta behind the upper part of the heart. Below 
this level the esophagus follows the posterior surface of the heart and becomes 
more and more separated from the aorta, which follows the vertebral column. 


From Department of Physiology, University of Buenos Aires, Argentina. 
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Thus the esophagus is closely related (1) to the arch of the aorta at the level 
of the third dorsal vertebra, (2) to the upper posterior surface of the left auricle 
and the descending aorta at the level of the fifth vertebra, (3) below this, to the 
inferior posterior surface of the left auricle, and (4) finally, to the posterior 
surface of the left ventricle. These juxtapositions explain the transmission of the 
pulsations of each of these four portions of the circulatory system to the esopha- 
gus. 

By placing within the esophagus a sound designed to receive pressure changes 
(Fig. 1), it is possible to record at these four levels four different curves which we 
designate from below upward, as follows: (1) the ventricular esophageal pulse, 
(2) the pure auricular esophageal pulse, (3) the auricular esophageal pulse with 


C 


arterial impact, and (4) the aortie esophageal pulse. 


3 


Fig. 1.—A, The inferior end of the sound. 1, Metaliic tube, with holes to permit 
transmission of the pressure changes. 2, Wire to hold the thin rubber straight. 3, 
Rubber membrane. B, Rubber sound, connected at its superior end with Frank capsule 
(C). 


THE ESOPHAGEAL PULSE 


We shall first deseribe the second, ‘‘the pure auricular esophageal 
pulse,’’ because this is the most complex and because it forms the basis 
for the other curves. 

A. The pure auricular pulse is recorded by placing the sound behind 
the lower half of the left auricle, approximately at the seventh dorsal 
vertebra. The curve is formed by three positive waves, As, Vs, and 
VD, and one large negative wave, Vs-D (Figs. 2 and 3). 

The As wave is synchronous and coterminous with auricular sys- 
tole (Fig. 2). It is produced by the contraction of the left auricle. 
In fact, this cavity becomes round at the beginning of systole and 
bulges posteriorly, compressing the esophagus. This compression 
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‘aises the pressure within and gives the initial positive deflection. 
With the passage of blood into the ventricle, which decreases the 
auricular volume, this pressure falls and the curve returns to the 
baseline. 

More often, because the relation between the esophagus and the left 
auricle at this level is less intimate, the first portion of auricular 
systole is recorded only partially, or not at all; only the seeond part 
of auricular systole, causing a decrease in the auricular volume, 
changes the intraesophageal pressure, giving an incomplete biphasic, 
or negative, As wave (Fig. 3). 


Us 


4 
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Fig. 2.—From above down are shown, central arterial pulse, pure auricular 
esophageal pulse, electrocardiogram, and time (0.02 sec.). The esophageal pulse shows 
positive As wave and large negative systolic wave. 

The positive wave Vs marks the beginning of ventricular systole. 
This wave, of variable amplitude, is characterized by the presence of 
several oscillations which are the graphie representation of the first 
heart sound. The closure of the A-V valves and the filling of the 
auricle during the isometrie contraction period may contribute to the 
production of this wave, but undoubtedly the most important factor is 
the rapid movement of the heart toward the spine at the beginning 
of systole. 

The fall of the Vs wave is followed by the large, negative Vs-D wave, 
which occupies the remainder of systole. Point D, always very clearly 
recorded, marks the end of systole, and is characterized by two or three 
oscillations which represent graphically the second heart sound. This 
wave, Vs-D, which is typical of this pulse, is produced by displace- 
ment of the auricle and inflow of blood from the pulmonary veins 
during the expulsive period. In effect, during ventricular systole the 
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left auricle is pulled anteriorly and downward toward the apex, sepa- 
rating it from the esophagus. On the other hand, the inflow of blood 
from the pulmonary veins increases the volume of the left auricle, 
tending to increase its pressure on the esophagus. The first factor 
predominates early in systole (when the pull of the ventricle is most 
rapid), so that the intraesophageal pressure decreases, causing a fall 
in the curve. Toward the end of systole, however, the inflow factor 
predominates, and produces the rise of the curve. 

Finally, following point D, the pure auricular esophageal pulse 
shows a positive diastolic wave, VD (Fig. 3). This wave is produced 
by the return of the base of the heart toward the spine at the beginning 
of diastole, and its later drop is caused by the diminished volume of 
the auricle as it empties into the ventricle just before auricular systole. 


time (one-fifth sec.). 
wave, and positive 


Fig. 3 Venous pulse, pure auricular esophageal pulse, and 


The esophageal pulse shows negative As wave, negative systolic 
diastolic wave V.D. 

Each of these waves, as we see, is produced by the movement of the 
left auricle through its own or through ventricular activity. The 
thoracic inflow and outflow of blood, believed by Mosso to be a factor 
in changing the intrathoracic and intraesophageal pressure, has no 
effect on the esophageal pulse. Registration of the esophageal pulse 
in closed- and open-chest experiments proves this. 

The changes in intraesophageal pressure produced by the left 
auricle extend throughout the length of the esophagus. The As, Vs, 
and VD waves can be similarly recorded at any level of the esophagus. 
The waves produced during ventricular systole, however, are changed 
at other levels by the influence of the descending aorta, transverse 
aorta, and left ventricle, giving the other three types of esophageal 
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pulse: (1) the auricular esophageal pulse with arterial impact; (2) 
the aortic esophageal pulse; and (3) the ventricular esophageal pulse. 

B. The auricular esophageal pulse with arterial impact.—Behind the 
upper part of the posterior surface of the heart the esophagus runs 
between the left auricle and the aorta, which descends behind it. At 
this level the posterior mediastinum is very narrow. Consequently, 
the esophagus is compressed by the systolic pulsation of this vessel. 
The esophageal pulse recorded at this level shows, therefore, instead 
of the large negative systolic wave, Vs-D, which is preduced by the 
movement of the base of the heart, a large positive wave, I-IT, whieh 


parallels the curve of the arterial pulse (Fig. 4). 


Fig. 4.—Venous pulse, auricular esophageal pulse with arterial impact, and time 
(one-fifth sec.). The esophageal pulse shows positive As wave and positive systolic 
wave I, Il. The I-III wave is exactly equal to the aortic pulse. 

In some patients the posterior mediastinum is deeper, so that the con- 
tact between the esophagus and the aorta is less close. In such cases, 
wave I-II, although always present, may not parallel the aortie pulse 
so closely (ig. 5). 

The other parts of the curve (As, Vs, and VD waves) are similar 
to the pure esophageal pulse, since they also are caused by movements 
of the left auricle. However, because the relation between left auricle 
and the esophagus at this level is very close, the As wave is com- 
pletely recorded as a positive wave coterminus with auricular systole, 
and the Vs and VD waves appear also better differentiated than in 
the pure auricular esophageal pulse. 

C. The aortic esophageal pulse—The esophageal pulse changes again 
at the level of the aortie knob, becoming what we call the aortie esopha- 
geal pulse. It shows, like the other types, the As, Vs, and VD waves 
(Fig. 6). During systole this curve presents a large negative VS-D 
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wave which is typical of this pulse. It represents a negative aortic 
pulse. By recording the central arterial pulse synchronously, it is pos- 
sible, in fact, to show that the two curves are mirror images. 

To explain why the pulsation of the transverse aorta produces a 
symmetrical, opposite wave in the esophagus, we must remember that 
the transverse portion of the aorta, in its anteroposterior course, describes 
an angle which is open to the right. The pulse wave through the aorta, 
as has been proved by roentgenkymography, straightens out this curve 
and moves its posterior portion in every systole towards the left, pulling 


Seo. 


Fig. 5.—Auricular esophageal pulse with arterial impact, venous pulse, and time 
(one-fifth sec.). The positive I-II wave caused by the aortic impact does not parallel 
the aortic pulse. 


0.02 sec 


Fig. 6.—Central arterial pulse, aortic esophageal pulse, electrocardiogram, and 
time (0.02 sec.). The esophageal pulse during systole is a mirror image of the aortic 
pulse, 
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the esophagus with it. This shifting of the esophagus, which parallels 
the pulse of the aorta, decreases the intraesophageal pressure, and, there- 
fore, the pulse curve at this level is the mirror image of the aortie pulse. 

D. The ventricular esophageal pulse-—Finally, we have to consider 
what we call the ventricular esophageal pulse. This curve, which is 
recorded in the lower portion of the esophagus, is similar to the pure 
auricular esophageal pulse. As we said before, it is produced by the 
propagation of the changes of pressure produced by the left auricle. 

Nevertheless, the proximity of the ventricle makes the oscillations 
caused by the first and second sounds appear much more pronounced 
at this level than at any other. This gives the curve a typical aspect 
which permits iis differentiation from the other types (Fig. 7). 


Fig. 7.—Ventricular esophageal pulse, venous pulse, electrocardiogram, and time 
(one-fifth sec.). The esophageal pulse shows the great amplitude of the oscillations 
caused by the heart sounds. 


In summary, the normal esophageal pulse may be of four different 
types (ig. 8)—the ventricular esophageal pulse, the pure auricular 
esophageal pulse, the auricular esophageal pulse with arterial impact, 
and the aortic esophageal pulse. The auricular pulse, the most im- 
portant from the clinical point of view, varies, depending upon whether 
it is taken behind the upper or lower part of the left auricle. Behind 
the lower part of the left auricle, because the mediastinum is wider, 
the esophageal pulse is caused entirely by the movements of the 
left auricle, and therefore always shows a negative systolic wave. 
Behind the upper part of the left auricle, because the mediastinum 
is very narrow, the esophagus has a closer relation to the left auricle, 
and at the same time enters in contact with the descending aorta. 
Consequently, at this level the curve always shows, during systole, a 
positive wave caused by the pulsation of the aorta. 
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This difference explains the discrepancies among the results of other 
investigators who have worked on this subject. It shows, too, the 
necessity of knowing all of the different types of esophageal pulse in 
order to get any useful information in eclinieal or experimental studies. 


ESOPHAGEAL PULSE IN PATHOLOGIC CONDITIONS 


The esophageal pulse has been used in the diagnosis of the ar- 
rhythmias and valvular diseases which affect the function of the 
left auricle. Electrocardiography has supplanted it in the former 
instanee, but it still remains useful in diagnosing what would other- 
wise be obscure mitral lesions or dilatations of the descending aorta. 
Experimentally, by permitting an evaluation of the degree of mitral 
regurgitation and the strength of the left auricular contraction, this 
method opens a new field for the study of cireulatory dynamies in 


mitral disease. 


Fig. 8.—The four normal types of esophageal pulse and the levels at which the) 
2, isometric contraction phase; 3, maximum ejection 


occur, 7, auricular systole; 
isometric relaxation 


phase; 4, reduced ejection phase; 5, protodiastolic interval; 6, 


phase; 7, rapid inflow; 8, diastasis. 


1. Esophageal pulse in mitral disease-—Even though, anatomically, 
in most of the cases mitral stenosis and regurgitation are present to- 
vether, we shall examine separately the esophageal pulse from patients 
who have clinically pure stenosis, or clinically pure regurgitation, of 
the mitral valve. 

a. Esophageal pulse in mitral regurgitation—The curve of the 
esophageal pulse in cases of mitral regurgitation begins, as in the nor- 
mal, with the As wave, which is produced by auricular systole (Fig. 9). 
Generally, this wave is positive and large. The VS wave, which follows, 
indieating the beginning of ventricular systole, is continued with, or 
followed by, a large positive wave, I. This wave occupies all or part 
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of ventricular systole; it is constant and characteristic of mitral re- 
gurgitation. After the end of systole, marked by point D, the curve, 
unlike the normal, shows a sharp drop which coincides with the 
isometric relaxation phase. I*ollowing this point, the curve does not 
differ from the normal. The I wave and the drop at the beginning 
of diastole in the esophageal pulse, therefore, are diagnostic of mitral 
regurgitation. 

The constant presence of the | wave, and the moment of its ap- 
pearance, plus the anatomie position of the heart, lead us to say that 
this wave is produced by regurgitation of blood through the mitral 
orifice. The varying duration of this wave in different eases depends 
on three factors: the tonus of the auricular musele, the degree of 
filling of the auricle, and the severity of the valvular defeet—factors 
which influence the amount of regurgitation. In cases of marked 
mitral regurgitation, with auricular fibrillation and a rapid ventricular 
rate, in which there is a ready influx of blood to the auriele, the I wave 
is high and parallels the intraventricular pressure; on the contrary, 
when the auricle has good tonus and there is a less marked valvular 
defect, the regurgitation appears only at the moment of higher intra- 
ventricular pressure. The esophageal pulse shows, then, an I wave 
which is recorded following the Vs wave and oeceupies only the max- 


imum expulsion phase. 


seg: 


Fig. 9.—Venous pulse, esophageal pulse in mitral regurgitation, electrocardiogram, 
and time (one-fifth sec.). The esophageal pulse shows the high positive I wave pro- 
duced by the regurgitation, and the sharp drop that follows point D produced by the 
rapid emptying of the auricle immediately after the beginning of diastole. 


The fall of the esophageal pulse curve in these patients during the 


period of isometric relaxation is also characteristic. The mechanism 
of its production is as follows: The mitral regurgitation equalizes 
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the pressure within the auricle and ventricle during systole; there- 
fore, the condition for the existence of a phase of isometric relaxation 
disappears, and the blood passes, as a consequence, from the auricle 
into the ventricle at the very beginning of diastole. The emptying 
of the auricle, which is overdistended by the regurgitant flow, produces 
a diminution of its volume and a decrease in the intraesophageal 
pressure, resulting in the drop of the pulse. 

b. Esophageal pulse in mitral stenosis—In clinically pure mitral 
stenosis, with a crescendo presystolie murmur, the esophageal pulse is 
also typical (Fig. 10). The eurve, taken with the sound placed behind 
the left auricle, shows a biphasic As wave, which begins with auricular 
systole. This wave is formed by a small rise, followed by a very sharp 
and deep negative phase which ends with the beginning of ventricular 
systole. The ventricular systole begins, as normally, with the Vs rise, 
which is followed by a sharp, short, positive I wave. This latter wave 
varies in amplitude and duration. It may continue or follow the Vs 
wave, giving a large summation or two smaller waves. The remainder 
of the curve, generally, is like the normal. However, in some records 
of patients with old mitral stenosis there appears, after point D (second 
sound), a new group of oscillations which are caused by the opening 
snap of the selerotie valve. 


shidela? 
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Fig, 10.—Apical pulsation, esophageal pulse in mitral stenosis, electrocardiogram, and 
time (one-fifth sec.). The esophageal pulse shows the larger As wave. 

In discussing the normal esophageal pulse it was said that the fall of 
the As wave is produced by the decrease in the volume of the left auricle 
which oceurs with expulsion of blood into the ventricle. The large 
amplitude of this wave in mitral stenosis with a crescendo presystolic 
murmur indieates that the amount of blood passing to the ventricle 
during auricular systole is increased. Judging from these facts, auricu- 
lar systole must be, in some cases of mitral stenosis, indispensable in 
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order to maintain the filling of the ventricle, and, as a consequence, to 
maintain the cardiac output and sufficiency of the heart. 

The positive I wave, which is similar to, but smaller than, that which 
occurs in mitral regurgitation, is caused by regurgitation of blood 
through the mitral valve. Since this wave has appeared in all cases 
of this type, study of the esophageal pulse has tended to substantiate 
the belief that mitral stenosis is never ‘‘pure.’’ 

2. Esophageal pulse in aneurysm of the descending aorta.—The 
descending aorta, because of its position deep in the posterior medi- 
astinum, is sometimes difficult to visualize, so that it may be hard, 
even with the help of the roentgenologist, to differentiate between a 
tumor and an aneurysm deeply placed behind the lower part of the 
heart. In cases of this sort, an esophageal pulse tracing may enable 
one to make the correct diagnosis. As we have said before, because 
the mediastinum in the lowest part of the thorax is wide, the esophagus 
and the aorta are normally separated. Therefore, normally, the pulse 
from the lower part of the esophagus does not show any effect pro- 
dueed by the aortic pulse, but when there is a dilatation of the de- 
scending aorta at this level, this vessel is able to compress the esopha- 
gus with each pulsation, and this gives a typieal arterial impact in 


the esophageal pulse (I*ig. 11). 


| 


Fig. 11.—Central arterial pulse, esophageal pulse in retrocardiac aneurysm of the 
descending aorta, and time (0.02 sec.). The esophageal pulse shows a _ positive 
systolic wave cause by pulsation of the aneurysm, 

The esophageal pulse in such cases bears an aspect similar to the 
auricular esophageal pulse with arterial impact, which, as we said be- 
fore, only appears normally behind the upper part of the posterior 
surface of the heart. The presence, therefore, of this type of pulse 
in the lower part of the thoracic esophagus is a very important sign 
of dilatation of the descending aorta. 
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SUMMARY AND CONCLUSIONS 

The normal esophageal pulse varies with the level at which the curve 
is taken. 

Normally there are four types of esophageal pulse: (1) the aortic 
esophageal pulse, (2) the auricular esophageal pulse with arterial 
impaet, (3) the pure auricular esophageal pulse, and (4) the ventricu- 
lar esophageal pulse. 

In eases of mitral stenosis, mitral regurgitation, and aneurysm of 
the descending aorta the esophageal pulse shows changes which are 
typical of these lesions. 

Study of esophageal pulses has shown that the duration of the 
diastolic phases of the left ventricle in mitral regurgitation is ab- 
normal, 

The amplitude of the contraction of the auricle in mitral stenosis, 
as shown by the esophageal pulse, suggests that in this disease the 
amount of filling of the ventricle which results from auricular systole 
is inereased. 

The author wishes to express his appreciation for the help of Drs. Paul D. 


White and Howard B. Sprague in the preparation of this paper. 
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PRODROMAL PAIN IN CORONARY OCCLUSION 


Bast. BLUMENTHAL, M.D., AND JouHN A. REISINGER, M.D. 
WASHINGTON, D. C. 


INTRODUCTION 


Recacniiacsagel occlusion occurs in some patients without any warning, 
whereas in others it is preceded for varying periods by attacks 
of eardiae pain which can be classified into two distinet groups, namely, 
angina of effort and angina at rest. The former has been earefully 
studied, diagnostic criteria have heen established, and its significance is 
fairly well understood. In contradistinetion, the angina which oeeurs 
at rest, other than in association with myocardial infarction, has received 
little attention in medical literature..? Our discussion concerns the 
cardiac pain which occurs without exertion, but does not include that 
which is associated with extracardiae conditions, such as aortic aneurysm 
and paroxysmal hypertension, or with changes in the heart rhythm, such 
as paroxysmal tachycardia. In the cases reported,':? and in those 
to be deseribed, the cardiac pain oceurred spontaneously, without 
obvious cause, and always preceded the definite manifestations of 
coronary occlusion. The attacks, therefore, have been called ‘‘pro- 
dromal,’’ ‘‘premonitory,’’ or ‘‘preliminary.”’ 

Because it is impossible to ascertain exactly when coronary oceclu- 
sion is initiated, it is possible that the manifestations which are called 
‘*prodromal’’ are in some instances those of the actual occlusion. The 
term ‘‘coronary oeclusion,’’ in this discussion, however, is applied 
only to those attacks during which the patient exhibited typical symp- 
toms, signs, and electrocardiographie abnormalities which persisted, 
rather than transient manifestations characterized chiefly by pain. 

There is some tendeney to discount the significance of atypical 
thoracic pain because of the definite danger of attracting a neurotic 
person’s attention to his heart. It is important, however, that pro- 
dromal pain be recognized, for a fairly large percentage of patients 
who subsequently develop coronary occlusion have definite warning 
symptoms, and, in the future, treatment which will prevent thrombus 
formation may be discovered. The study of the features of prodromal 
attacks may, in any event, contribute to our understanding of the 
pathogenesis of coronary occlusion. 

Histories obtained from thirty-two patients revealed that twelve 
had experienced spontaneous, painful attacks for varying periods 
hefore the onset of the severe manifestations which were recognized 
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as those of coronary occlusion. Nine of the thirty-two patients died, 
but, with three exceptions, it was possible to obtain a detailed and 
accurate history. <A brief résumé, with particular reference to pain, 
of the histories of the twelve patients whose attacks were considered 
to be ‘‘prodromal’’ is given, together with a more detailed deseription 
of the elinical and necropsy observations in the one ease in the 
‘*prodromal’’ group in which death occurred. In this ease, the mecha- 
nism of the production of the ‘‘prodromal’’ pain is diseussed in the 


light of the pathologie anatomy. 
REPORT OF CASES 


CASE 1—G. W., a 40-year-old white architect, was in good health except for the 
symptoms of peptic uleer, which were controlled by dietary treatment. Four 
days before his coronary occlusion, the patient developed a severe aching pain, 
together with marked weakness, in the entire left upper extremity. The pain 
and weakness were so severe that he carried his left hand in his coat pocket in 
order to support and immobilize the arm. He continued to work. The discomfort 
was continuous, without exacerbations, and was unaffected by exertion. There 
were no other symptoms. 

While seated at his desk, four days after the onset of pain and weakness in 
the left arm, forearm, and hand, the patient suddenly experienced severe retro 
sternal pain which radiated across his anterior chest between the midelavicular 
lines. There were moderate dyspnea, profuse generalized sweating, and mod- 
erate prostration. He was taken to a hospital, where ‘‘coronary thrombosis’’ 
was diagnosed. 

An electrocardiogram which was taken sixteen days after the onset of the acute 
symptoms was of the Q, T, type, indicating infarction of the posterior wall. 

CASE 2.—F. T., a 48-year-old white carpenter, was found to have a ‘‘ blood 
pressure of 188’’ about ten months prior to his coronary occlusion. This was dis- 
covered in the course of a routine physical examination; the patient had had 
no symptoms attributable to hypertension. One week before his major attack, 


he was awakened from a sound sleep by an ‘‘aching’’ pain in both shoulders, 


more marked in the left. The ‘‘ache’’ subsided in ten or fifteen minutes, and 
the patient fell asleep. The next morning, on getting out of bed, he noted some 
’? in both shoulders, again more marked on the left, but this disappeared 
or diseom- 


** soreness 
in one or two hours. There was no accompanying dyspnea, sweating, 
fort in the chest or abdomen. This chain of events was repeated each night 
for seven successive nights. 

On the eighth day, while at work, the patient suddenly experienced severe, 
retrosternal, ‘‘squeezing’’ pain that immediately radiated laterally as far as the 
parasternal lines between the fourth and sixth intercostal spaces. There was a 
recurrence of the ‘‘ache’’ in both shoulders, with extension down the left arm 
as far as the wrist. Dyspnea, sweating, and prostration were marked, and, thirty 
onset of the attack, syncope of unknown duration occurred, 


” 


minutes after the 
at which time the blood pressure was found to be ‘£120 mm. Hg. 

The patient was admitted to the hospital five hours after the onset of his 
severe attack. The diagnosis of coronary occlusion was confirmed by serial electro 
cardiograms which did not show any definite localizing pattern. 

CasE 3.—G. C., a 48-year-old desk worker, was in good health until 8 A.M. of 


the day preceding his acute occlusion, At that time, while sitting at his desk, he 


b 
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noted a slight ‘‘ache’’ over the anterior portion of the chest between the mid- 
sternum and the left anterior axillary line, extending from the fourth to the seventh 
intercostal spaces. There was slight dyspnea. The symptoms were so moderate, how- 
ever, that the patient continued to work, and, by 4 o’clock the same afternoon, he felt 
perfectly well. In the evening he did some light carpentry about his house, and he 
slept well that night. 

The next day, at 8 a.M., while at his desk, he noted a recurrence of his ‘‘ache’’ 
and dyspnea, The ‘‘ache’’ was identical in character and location with that of the 
preceding attack, but was somewhat more severe, as was his dyspnea. He con- 
tinued working, however, and at noon did some shopping. He ate no lunch, The 
patient returned to his desk about 1 P.M. 

At 2 p.M. there was a sudden acute exacerbation of his pain and dyspnea. In ad- 
dition, there were profuse generalized sweating and moderate prostration, The 
character of the pain was the same as that of the preceding day and the morning 
attack, except that it was more severe. 

The patient was admitted to the hospital three hours after the onset of his acute 
pain. The diagnosis of coronary occlusion was confirmed by the electrocardiograms, 


which were of the Q, T., type. 


CASE 4.—R. G., a 45-year-old white carpenter, was in excellent health until 
April 14, 1939, ten days prior to his major attack. On that day, while working, 
the patient developed a persistent ‘‘dull ache’’ between the parasternal lines from 
the second to the fourth intercostal spaces. There were slight dyspnea and gen- 
eralized sweating. The ache lasted from one to two hours. 

In the succeeding four days the patient had two similar attacks, neither of which 
lasted more than two hours. 

On April 23, 1939, immediately following a light lunch, the patient had his 
fourth attack. The pain was identical in character and location with that of the 
preceding attacks, but was more intense. Dyspnea and sweating were more 
marked than previously. This attack lasted five hours and subsided spon- 
taneously. The following morning, while at work, the patient had another attack 
which was even more distressing than that of the day before. 

He was hospitalized four hours after the onset of this acute attack, at which 
time the electrocardiogram showed marked displacement of the RS-T segment 
(S-T, and S-T in Lead IV F were depressed 2 mm. and 8 mm., respectively, and 
S-T, and S-T, were elevated 4.5 mm. and 6.5 mm., respectively) which later retro- 


gressed as the patient recovered. 


Case 5.—I. W., a 47-year-old white building guard, developed persistent, 
‘‘toothache-like’’ pain in the left elbow two weeks before his major attack, The 
pain was severe enough to keep him awake part of each night and was present 
during his waking hours. 

About six days after the onset of this pain, while walking along the street, the 
patient developed marked, retrosternal, ‘‘squeezing’’ pain, dyspnea, and extreme 
generalized weakness. He managed to walk home, however, and called a phy- 
sician, who administered a hypodermie which relieved him greatly. Within three 
hours the attack had completely subsided, and the patient fell asleep. On awaken- 
ing the next morning he felt well. 

One week later, while sitting in the physician’s office waiting to be examined, 
there was a sudden recurrence of the chest pain, but this time it was much more 
severe than before. In addition, the pain involved the left arm and elbow, and 
dyspnea and prostration were marked. The patient was brought to the hospital 
that afternoon. The following day a pericardial rub was audible over the lower 
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end of the sternum. Serial electroecardiograms during this attack showed changes 


of the Q, T, type which were indicative of myocardial infarction. 


1 

CASE 6.—F. P., a 46-year-old white office worker, was in good health until four 
months prior to his acute occlusion. At that time, while at rest, the patient de 
veloped an attack characterized by ‘‘swelling’’ inside his neck, and numbness, 
tingling, and marked weakness of both upper extremities. There was slight dyspnea. 
The attack subsided in sixty minutes, but was succeeded by a sense of ‘‘con 
striction’’ over the anterior portion of the chest, between the nipples from the third 
to the sixth intercostal spaces. There was slight ‘‘heaviness’’ over the anterior por 
tion of the chest. These symptoms disappeared in about sixty minutes, and he 
felt perfectly well. 


One month later, while working: at his desk, the patient had second attack 


which was identical with the first. A physician who saw him advised twenty-four 
hours’ rest in bed, 

Thereafter, the attacks recurred about every three days. They occurred most 
often in the morning, frequently when he was shaving. Amyl nitrite shortened the 
attacks and ameliorated the pain, but could not prevent nor completely abolish it. 
The patient had more than one hundred aitacks of the character described above in 
a period of four months. They bore no constant relation to exercise or eating. 

On August 24, three days before admission, the patient experienced an attack 
while shaving. The chest, neck, shoulder, and arms were involved, and the pain was 
severe. Dyspnea and weakness were marked. The patient came to the Outpatient 
Department and an electrocardiogram was made; it showed a Q, of 2.5 mm., inversion 
of T, and T,, slight elevation of S-T, ard S-T,, and an isoelectric S-T, and S-T in 
Lead IV F. All this was interpreted as evidence of coronary occlusion, and hospital 
ization was advised, but refused. The patient had an apprehensive night because of 
pain and orthopnea. 

He stayed at home for the next three days because of weakness. At 5:30 P.M., 
August 27, another attack, which was identical with all of his previous ones, occurred. 
Dyspnea, ‘‘swelling’’ in the neck, and tingling of the arms were very severe, but soon 
subsided, only to be replaced, as on previous occasions, by chest ‘‘ constriction ’’ 
and precordial oppression, The patient was brought to the hospital, where the at 
tack subsided, without medication (morphine was refused), in about twelve hours, 
but there were frequent, short recurrences in the next three days. 

An eleectrocardiogram which was taken August 31 differed somewhat from the 
preceding tracirg, in that the RS-T deviations were more marked, and the QRS 
complex in Lead IIT was more negative. 


Case 7.—H. D. M., a 60-year-old lawyer, felt perfectly well until 11 A.M., July 
21. <At that time, while at his desk, he developed a ‘burning, erushing’’ pain which 
extended between the two midelavicular lines, from the fourth to the sixth intercostal 
spaces. It began insidiously, but within fifteen minutes was severe enough to cause 
the patient to stop working. The pain began to subside within thirty minutes, but 
did not completely disappear until 6 p.M. that day. There was no accompanying 
dyspnea, sweating, or faintness. 

The following two days were uneventful, and, on the evening of July 23, physical 
examination revealed a blood pressure of ‘*164,’? with a ‘‘normal pulse.’’? The pa 
tient felt well until the evening of July 28. At that time, while sitting at home, 
the ‘‘ burning, crushing’’ pain which he had experienced six days previously recurred. 
Again, it began in an insidious manner, but within sixty minutes was quite severe. In 
addition, at the height of the attack, a ‘‘gnawing’’ pain developed in both shoulders 
and arms, extending to the elbows. There were coneomitant ‘‘numbness and 
tingling’’ of the fingers of both hands. The patient went to bed, and within two 


hours the pain had decreased so much that he fell asleep without medication, The 
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next morning (July 29) he awakened feeling weak, but otherwise normal. He 
‘ame to the hospital for an electrocardiogram (Fig. 18), which was normal except 
for left axis deviation and a diphasic T wave in Lead IV F. 

The patient rested at home for the next three days, and, on August 1, returned 
to work. That evening he again visited his physician, who found the patient’s blood 


pressure ‘‘somewhat lower,’’ but no other abnormality was noted. 

The next morning, on the way to work (9 A.M.), the pain recurred, and within 
an hour became extremely severe. It was identical in character, location, and 
radiation with that of his preceding attacks. Prostration was moderately marked, 
and the patient felt that he was about to die. The pain gradually diminished 
over the course of the next three days, but there were frequent flare-ups in its in- 
tensity during that period. On August 5 he was admitted to the hospital. An 
electrocardiogram (Fig. 14), which was taken August 6, showed changes indicating 


acute myocardial damage. 


Fig. 1.—Case 7. A, Electrocardiogram on August 6, four days after development of 
coronary occlusion. 

B, Electrocardiogram on July 29, eight days after onset of prodromal attacks, and 
one day after second prodromal attack. 


CASE 8.—H. E. S., a 44-year-old white accountant, felt perfectly well until 
August, 1937. At that time he began to experience attacks of ‘‘constricting’* pain 
which was located between the midelavicular lines in the fourth and fifth intercostal 
spaces, and was associated with a sense of pressure over the anterior chest wall. 
These attacks would come on suddenly at full intensity, and last two or three min- 
utes, The pain was of only moderate severity. There was no sweating, nausea, or 
vomiting associated with the attacks, and they bore no relation to meals or exertion. 
No relief was obtained by the use of sodium bicarbonate. In October, 1987, because 
of the recurring attacks, the patient came to the Outpatient Department, where 
physical examination and the electrocardiogram showed nothing abnormal (Fig. 24). 
He had had about ten attacks. 

The attacks became progressively more frequent, more severe, and of longer 
duration, until June, 1958. Between August, 1937, and June, 1938, the patie nt had 
over thirty attacks of pain as de scribed, all of which were associated with moderate 
dyspnea. 

On June 25, 1938, after playing three innings of softball with absolutely no dis 
-omfort, the patient relinquished his position on the field to allow another player 


to get into the game. He was feeling very well, but, about five minutes later, while 


x i ag 
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watching the game, he was suddenly seized by a very severe paroxysm of pain which 
was similar in character and location to that experienced in his previous attacks. 
The pain was intense, and the patient noted extreme weakness of his left arm and 
He managed to drive twelve miles to his home, but had to make several 


forearm. 
In thirty minutes 


stops because of the severity of the pain in his chest and arm, 
the pain began to decrease, and the patient was able to fall asleep. On awakening 
the next morning he had no discomfort, but was weak. 

Between June 23 and June 30 the patient felt well, but, on June 30, he had an at- 
tack of extreme severity. The pain in his chest and both arms, as well as his dyspnea, 
was severe. The patient collapsed and was admitted to a hospital. The pain per- 
sisted in a severe form for twenty-four hours and then slowly subsided over the 
course of three days. An electrocardjogram which was taken July 22 showed changes 
of the Q, T, type which suggested myocardial infaretion (Fig. 2B). 


Case 9.—J. H., a 60-year-old white clerk, was in excellent health until June 15. 
About 8:30 A.M., while walking to work, he suddenly developed a ‘‘dull lump’? at 


the base of his neck and ‘‘inside’’ the upper part of his chest. There was con 


comitant ‘‘aching’’ of the left arm as far as the elbow. Moderate dyspnea and slight 
sweating were noted. The patient stopped at a neighbor’s house and took some bi 


carbonate of soda. Rapid relief of all symptoms followed, The attack lasted about 


fifteen minutes. 


= we 


Electrocardiogram on Oct. 28, 1937, two months after onset 
ten attacks before this tracing was taken. 
impulse, and indifferent 


Fig. 2.—Case 8 A, 
of prodromal pains. The patient had had 
Precordial lead taken with exploring electrode over cardiac 
electrode on left leg. 

B, Electrocardiogram taken July 22, 1938 
coronary occlusion. Precordial lead is IV F. 


twenty-one days after development of 


at his destination (about 


He lay 


He continued his walk, and, immediately upon arrival 
9:15 A.M.), developed a second attack which was identical with the first. 
down upon a couch, and within twenty minutes the attack subsided without medica 


tion. 


Before 5 p.M. the patient experienced about twenty distinct recurrences, The 


identical as regards the nature and location of the discomfort in the 


attacks were 
and mild, generalized weakness were 


neck, chest, and arm. Dyspnea, sweating, 


evident with each attack. Between attacks, the patient felt perfectly well. During 
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the lunch hour he felt so well that he played ball with several friends. No discomfort 
was evident during his exercise. 

No attacks occurred after 5 p.M., and the patient had an entirely uneventful 
evening and night. He felt well the next three days. 

On the morning of June 19, some dyspnea on exertion was noted. Because of this 
symptom he decided to enter the hospital, but, inasmuch as his dyspnea was very 
slight, he deferred his entrance until June 21. On admission the patient’s blood 
pressure was found to be 142/106, his pulse rate 102. The following evening, while 
in bed, the patient had another attack similar to those of June 15, except that 
this attack lasted for almost an hour. After the pain subsided, the patient felt 
well. 

On the morning of June 23, the patient had another attack that was the same as 
his previous attacks except that it persisted (despite morphine) throughout the day 
and night. The next day (June 24), about 11:30 A.M., there was a sudden exacerba- 
tion of the pain in the neck and chest, which radiated to the left arm and also in- 
volved both wrists. Dyspnea and sweating were increased; the pulse rate was 78; 
and the blood pressure was 208/122, An electrocardiogram, which was taken after 
twenty-four hours of continuous, but moderate, pain, and thirty minutes after the 
onset of severe pain, showed elevation of S-T, and S-T in Lead IV F, and depres- 
sion of S-T, and 8-T,; T, and T, were upright, T, was diphasic, and T was upright 
in Lead IV F. 

After five hours the symptoms were suddenly ameliorated, and gradually they 
disappeared except for an occasional recurring ache in both arms. The blood 
pressure dropped to 105/72 within two days, and a pericardial friction rub became 
audible over, and slightly to the left of, the lower end of the sternum. 

An electrocardiogram which was taken June 27 showed changes of the Q, T, type, 
indicating myocardial infarction. 

CasE 10.—F. F., a 45-year-old white office worker, had a four-day attack of inter- 
scapular pain, associated with dyspnea and marked sweating, during June, 1938. 
He was examined in the Outpatient Department at that time and was found to have 
‘*high blood pressure.’’ An electrocardiogram showed evidence of ‘‘ myocardial 
damage, possibly caused by previous infarction of the posterior wall.’’ When this 
pain subsided the patient was seemingly restored to good health, but, in the middle 
of February, 1939, he developed attacks of ‘‘squeezing’’ pain which originated 
about 2 em. medial to the left nipple, in an area about the size of a silver dollar. 
This pain quickly radiated across the anterior chest wall as far as the right para- 
sternal line. There were a concomitant sense of pressure over the anterior portion 
of the chest and a ‘‘toothache-like’’ pain in the right upper extremity. The attacks 
unrelated to exertion or meals and lasted ten or fifteen minutes. Aspirin, 
The attacks occurred about once 


were 
nitrites, and sodium bicarbonate gave no relief, 
every two days. 

In the two weeks preceding hospitalization, the attacks, although unchanged as 
regards their symptomatology, were becoming more frequent; the patient experienced 
from ten to fourteen attacks of varying severity and duration in the seven days 
before admission. 

About 4 A.M. on the day of admission (April 4, 1939), the patient was awakened 
by a particularly severe attack of pain. This lasted about two hours and was the 
most prolonged he had had. Electrocardiograms which were taken during the first 
week of his hospital stay showed changes suggesting myocardial infarction, but no 
localizing pattern. 

CasE 11.—J. C. S., a 49-year-old white clerk, gave the following history: In 
1919, while in France, after a day of great activity, he developed a moderately 


severe, ‘‘gripping, aching’’ pain, located behind the entire length of the sternum. 
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The pain did not radiate, nor were there any associated symptoms, but it was severe 
enough to keep the patient awake all night. 

The patient was free from any recurrence until 1931, At that time, while lying 
in bed, he had an attack similar to the one which he had experienced in France. 
The pain was of moderate severity and lasted between twenty and thirty minutes. 
The pain did not radiate, and there were no associated symptoms, The next day 
the patient felt perfectly well. Between 1931 and May 26, 1959, the patient ex- 
perienced about ten attacks of retrosternal pain which lasted from five to ten min 
utes, Since these were so fleeting and were unassociated with any other symptoms, 
he never consulted a physician regarding them. 

On May 26, 1939, while playing the second nine holes of a golf match, the patient 
suddenly developed ‘‘ gripping,’’ ‘‘#ching’’ pain behind the entire length of the 
sternum, The pain was constant and only moderately severe. There was no dyspnea, 
nausea, Or weakness. The patient continued to play, and, after thirty minutes, the 
pain disappeared. That night he felt perfectly well. 

On May 29, 1939, about 9 A.M., while at his desk, the patient developed the same 
pain that he had experienced three days previously, except that it was more severe, 
and, in addition, he broke out into a ‘‘cold’’ sweat. He was generally weak and 
noted, particularly, definite weakness in both forearms. He felt slightly faint, but 
continued to work, The attack lasted about three hours, subsiding suddenly. At 
12:50 he had a light lunch and was perfectly well for the rest of the day. 

Between May 29 and June 14, the patient had two minor attacks, each of which 
lasted about five minutes, They were characterized by retrosternal pain, with no 
associated symptoms. Ore occurred while he was at his desk, and the other while he 
was lying on a couch, reading. 

On June 14 he went out to play golf after a hard day’s work, He _ played 
nine holes without any untoward symptoms. After finishing, the patient noticed 
that his forearms felt somewhat weak; this symptom had occurred at the time of his 
preceding attack, but never after playing golf. This weakness lasted fifteen or 
twenty minutes, but the patient was otherwise comfortable. After dinner that 
evening he felt nervous, and stated that he could not relax, although he had no 
specific complaints. He took a short walk and retired about 9 P.M. Immediately 
after lving down, the patient experienced a very severe, retrosternal, ‘‘aching’ 
pain. This was felt behind the entire sternum for the first sixty minutes, but, after 
that, the point of greatest intensity was behind the upper two-thirds of the sternum. 
There was no radiation into the shoulders or arms, and no dyspnea. The patient 
broke out into a profuse, ‘‘cold’’ sweat. The pain was severe enough to keep the 
patient awake all night, despite the administration of a hypodermic. About 5 A.M., 
June 15, 1959, the pain in the chest began to subside, but at that time the patient 
noticed that he had slight aching in both forearms, The pain in the chest and fore- 
arms persisted until early in the afternoon of June 15, then disappeared. During 
the rest of that day, and on June 16 and 17, the patient had no definite complaints 
except that he felt generally ‘‘knocked out.’’ An electrocardiogram which was 
tuken on the afternoon of June 15 showed evidence of ‘‘damage to the heart.’’ The 
patient was admitted to the hospital June 17, 1959. An electrocardiogram which 


was taken June 17, 1959, showed Q, T, changes typical of myocardial infarction. 


CASE 12.—R. C., a 44-year-old white desk worker, was first seen Sept. 20, 1938, 
because of an attack of severe pain in the chest three days previously. His cardiac 
history dated back to 1931 (age, 37 years), when he developed typical angina of 
effort. His angina consisted of a ‘‘burning’’ sensation in the suprasternal notch 
which appeared on exertion and disappeared after one minute’s rest. 

In 1936, the patient developed a persistent ache in the left shoulder and a less 
severe ache in the left knee. No loeal eause for this discomfort could be found, 
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and various physiotherapeutic measures were ineffective. The left shoulder ‘‘ache’’ 
increased when his angina of effort appeared. 

In September, 1937, he found that exertion which had formerly produced only 
sensation to the 


suprasternal discomfort now caused extension of the ‘‘ burning 
anterior part of the chest, between the parasternal lines in the third to fifth inter- 
costal spaces. However, rest still brought prompt relief. 

In mid-August, 1938, the patient was awakened from sleep by an attack of 
thoracic and suprasternal pain which was identical in character and location with 
that produced by effort, but now the pain radiated down the outer aspect of the 
left arm as far as the elbow. He sat up in a chair, and the attack subsided in 
thirty minutes. During the ensuing month the patient had frequent, painful attacks. 
About one-quarter of these were unrelated to effort. The character, location, and 
radiation of the pain were identical in all attacks. Those that were precipitated 
by exertion disappeared promptly with rest, but the remainder persisted for fifteen 
to thirty minutes. None lasted more than sixty minutes. 

On Sept. 17, 1958, while playing cards, the patient had a very severe attack 
which was similar to the preceding ones, except that there was some radiation up 
both sides of the neck, as well as down the left arm. He became weak and was 
covered with perspiration. The attack lasted about six hours, after which he fell 
asleep (without medication). The next morning he felt perfectly well. 

When he was seen on Sept. 20, 1938, he had no complaints. Physical examination 
revealed a stocky, muscular, white man who did not appear ill. His pulse rate 
was 68, and the pulse was regular. His blood pressure (taken with the patient in 
the recumbent position after fifteen minutes’ rest) was 105/70 in the right arm, 
and 84/50 in the left. The heart was not enlarged; the sounds were normal and 
no murmurs were heard. There were inconstant, coarse, inspiratory rales at the 
bases of the lungs, but no other evidence of congestion was noted. 

No cardiac abnormalities were observed fluoroscopically, and the electrocardiogram 
(Fig. 34) was considered to be normal. 

Six days later, crepitant, inspiratory riles were audible at both bases. No other 
abnormalities were found. The electrocardiogram (Fig. 3B) showed slight in- 
version of T,. 

The patient was seen again on Oet. 11, 1988. His angina of effort was unchanged, 
but there had been no further spontaneous attacks. Fine inspiratory rales were 
still present at the bases of both lungs; his electrocardiogram (Fig. 3C) was the 
same as before. 

During the following two and one-half months the patient had no attacks of 
spontaneous pain. On Jan. 11, 1939, while working quietly at his desk, he experienced 
a severe attack of pain in the chest, neck, left shoulder, and left arm, which was 
identical with his previous attacks. There was no dyspnea, sweating, or faintness. 
The patient sat still, and in about two hours the pain suddenly ceased. Two days 
later, with the patient in the sitting position, the blood pressure was 112/68 in the 
right arm, and the pulse rate was 66 per minute. Physical examination revealed 
no abnormalities. An electrocardiogram (Fig. 3D) was taken, and repeated three 
days later (Fig. 3H), and again five weeks later (Fig. 3F). The electrocardiogram 
which was made Jan. 13, 1939, showed that T, was slightly inverted, and that the 
initial ventricular deflection in Lead III was less positive, T, became upright three 
days later. There were no other abnormalities. 

In mid-April, 1939, the patient began to experience attacks of pain in the chest, 
shoulder, and arm on very little exertion. After a month of greatly restricted 
activity, he entered the hospital for more careful observation, The pulse rate was 
57 and the beating was regular; the blood pressure was 118/72. The electro- 


sardiogram (Fig. 44) was the same as before. 
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The blood Wassermann and Kahn reactions were negative. There was a leuco 
eytosis of 14,600, 58 per cent of which were lymphocytes. A roentgenogram of the 
chest showed moderate prominence of the trunk shadows at the bases of both lungs 
and a normal cardiac silhouette. 

On the night of May 21, while lying quietly in bed, the patient had a mild at- 
tack of pain in the chest that subsided in three minutes without medication, He fell 
asleep, but was awakened about three hours later by a severe attack of pain of a 
‘*burning’’ character in the anterior part of the chest, lower part of the neck, 


left shoulder, and arm. He lay still for five minutes, but, when the pain failed to 


or 


Fig. 3.—Case 12. A, Sept. 20, 1988. Angina of effort seven years. Frequent prod- 
romal (?) attacks for one month. Severe attack three Cays previously. Ti low, but 
no definite abnormalities. 

B, Sept. 26, 1938. No complaints. Tr has changed from a slightly upright to a 
slightly inverted wave. No other abnormalities. 

Cc, Oct. 11, 19388. No complaints. Electrocardiogram unchanged, 

D, Jan. 13, 1939. Pain at rest for two hours, thirty-six hours previously. Initial 


ventricular deflection in Lead II] smaller, Ts and T,; inverted; T: upright. No S-T 
interval changes. 

BE, Jan. 16, 1939. Ts and T; have become upright. No other change, 

F, Feb. 8, 1939. No complaints. Electrocardiogram unchanged. 
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subside, took Yog grain of nitroglycerin. About five minutes later the pain suddenly 
ceased. Although the attack did not last more than ten minutes, it was quite in- 
tense. These two short attacks were the first spontaneous ones which he had had since 
Jan, 11, 1959. 

The next morning the pulse rate was 72, and the beating was regular; the blood 
pressure was 112/70. Examination of the heart and lungs showed no abnormalities. 
An electrocardiogram (Fig. 4C) showed slight S-T deviations in Leads II and IV F. 


1939. Exercise tolerance greatly decreased because 


Fig. 4.—Case 12. A, May 15, 
unchanged. 


of increasingly severe angina of effort. Electrocardiogram 

B, May 20, 1939. No complaints. 

C, May 22, 1939. Two attacks of pain in chest during preceding night. These were 
considered prodromal attacks. Limb leads show no T-wave changes. S-T in Lead 
IV F is slightly depressed, and T in Lead 1V F is smaller. 

D, June 14, 1939. Had at least ten severe attacks at rest, lasting from thirty 
minutes to four hours. Note downward displacement of S-T in Leads II and IV F. 
T: slightly, and T; deeply, inverted. 

E, June 16, 1939. Severe attack of pain in chest preceding night, persisting to the 
time the electrocardiogram was taken. Note changes of the Qs Ts type typical of 
myocardial infarction. 
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After leaving the hospital on May 30, the patient complained of constantly 


recurring attacks without obvious exciting causes. At least four of these occurred 


while he was in bed, and relief could be obtained only by sitting up. 
nitroglycerin was 


Under these 
conditions the pain disappeared in from thirty to forty minutes; 
ineffective. There was neither dyspnea nor cough. 

Five days later (June 14), the spontaneous attacks of pain were lasting from 
three to four hours, instead of thirty minutes. An electrocardiogram (Fig. 4D) 
showed inversion of T, and T;, and slight downward displacement of the S-T seg- 
ments in Leads II and IV F. QRS, was questionably monophasic and downward. 
Physical examination revealed no abnormality. The patient refused hospitalization. 
On the night of June 15 he had an-extremely severe attack of pain in the anterior 
the chest, left shoulder, arm, and both sides of the neck. Sweating was 
Next day the pain was still present, and the patient 
changes typical of 


part of 
profuse and prostration marked, 
was in shock. An electrocardiogram (Fig. 4£) showed Q, T, 
myocardial infarction, 

The patient died the following day without responding to efforts directed to- 
ward combating the profound shock. 

At autopsy the relevant abnormalities were found to be confined to the heart 


and lungs. There were scattered patches of lypostatie pneumonia in both lungs. 


Fig. 5.—Case 12. Right coronary artery. Note markedly compressed lumen. The 
intramural cavity contained a mass made up of inspissated blood, hyaline material, 
and cholesterin crystals, L, Lumen; C, intramural cavity. 
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The pericardial sae contained about 50 c¢.c. yellow, purulent fluid. Irregular 
patches of fibrin were scattered across the base of the heart and great vessels. The 
heart weighed 401 Gm. 

The myocardium was dark brown and rather flabby. No areas of softening 01 
fibrosis were found in the wall of the left ventricle. A number of thin, gray streaks 
ran through the wall in the posterolateral portion of the left ventricle, but these could 
not be definitely identified as areas of scarring. No ante-mortem thrombus was found 
in any of the chambers. 

The valves were normal. The ascending aorta showed a mosaie of small, flat, 
atheromatous plaques. The coronary ostia, although not involved by the sclerotic 
process in the aorta, were definitely reduced in size, measuring from 1 to 2 mm. in 
diameter. The anterior descending branch of the left coronary artery was reduced 
to a firm, fibrous cord immediately below its point of origin. Transverse sections of 
this vessel revealed patchy calcification of the wall and reduction of the lumen to 
pin-point size. Similar sections of the left circumflex artery showed that the wall was 
markedly thickened and the lumen reduced in size throughout its course. There was, 
however, no complete obstruction of this vessel. Immediately beyond the point of 
origin of the right coronary artery, the lumen was markedly reduced in size. This 


was caused by impingement upon the lumen of mixed atheromatous and hemorrhagic 


Fig. 6.—Case 12. Right coronary artery. Post-mortem thrombus filling lumen. 
The atheromatous “abscess” contained considerable fresh blood about its periphery. 
Note other areas of dissection in the wall of the vessel. A, Atheromatous abscess; 
D, dissecting aneurysm containing fresh blood. 
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lesions within the arterial wall. This disorganization of the wall extended, in varying 
degree, for about 5 em., at which point a fresh thrombus completely obstructed the 
vessel. 

Microscopie examination showed that the right coronary artery was obstructed, 
about 5 em, from its ostium, by a freshly formed, laminated clot. From the ostium 
to the thrombus the artery showed extensive change, and immediately distal to the 
point of origin the lumen was markedly compressed. This was caused by a large, 
intramural mass made up of inspissated blood, cholesterin crystals (clefts), and 
necrotic debris (Fig. 5). More distally, areas of fresh hemorrhage into this mass 
could be seen, and there were a number of recent and completely separated ‘‘dis- 
secting aneurysms’’ in the wall of the artery (Fig. 6). Below this point, the dis- 
section was so extensive that the intima was completely separated from the sup 
porting media and adventitia (Fig. 7). Lying between this area of complete dis 
section and the thrombus itself, there were two points of communication between 
the lumen and the intramural cavity (Figs. 8 and 9). 

The wall of the artery was the seat of extensive hemosiderin deposits, much of 
which was contained in phagocytes, There were irregular patches of calcification 
lining the cavity in the arterial wall. Both the adventitia and media were heavily 
infiltrated by mononuclear cells, most of which were small lymphocytes and plasma 
cells. Many of the vasa vasorum showed ‘‘collars’’ of lymphocytes. 

The circumflex branch of the left coronary artery showed mural cavitation of a 


moderate degree, causing some encroachment upon the lumen, There was, however, 


Fig. 7.—Case 12. Right coronary artery. The intima is “dissected” free of the sup- 
porting media and adventitia. J, Intima; L, lumen. 
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no communication between the atheromatous ‘‘abseess’’ and the lumen, No ob 
struction of this artery could be found. 

The lumen of the anterior descending branch of the left coronary artery was 
markedly narrowed throughout its course. There was an extreme degree of pro- 
liferation of the subintimal tissue. At one point the greatly thickened wall showed 
two eccentric spaces, either of which might have been the original lumen or the re- 
sult of canalization of an old thrombus. 

Sections from (1) the lower lateral aspect of the left ventricle and (2) the lower- 
most portion of the interventricular septum and contiguous diaphragmatic portion of 
the left ventricle and anterior aspect of the right ventricle showed no fibrosis. In 
both of these areas, however, the myocardial fibers had lost their striations, and the 
sarcoplasm had a ‘‘boiled’’ appearance. There was heavy polymorphonuclear 
infiltration in and about these areas. The changes extended through the entire 
thickness of the ventricular wall. The pericardial surface was covered with a 
thick, fibrinous network which contained closely packed polymorphonuclear leucocytes. 
Several sections showed a deposit of fibrin on the endocardium. 

Summary.—A 44-year-old white man, who gave a history of typical angina of 
effort for seven years, began to experience, nine months before death, attacks of 
eardiae pain which were not associated with any obvious exciting factors. These 
became progressively more frequent and more severe and radiated more widely. 
Between attacks the patient felt well except for angina of effort; physical examina- 


tion on two occasions showed nothing except pulmonary congestion. Until a few 


Fig. 8.—Case 12. Right coronary artery. Point of communication between atherom- 
atous “abscess” and lumen, P indicates communication. 
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days before death, the electrocardiograms showed either no abnormalities or only 
transient changes. The heart was the seat of widespread coronary artery disease, 
without demonstrable myocardial damage except for acute lesions caused by the 


terminal occlusion of the posterior coronary artery. 
COMMENT 


The ‘‘prodromal’’ attacks of pain varied from case to case as regards 
duration, character, and the length of the period by which they preceded 
the obvious manifestations of coronary occlusion. In general, the 
attack appeared suddenly, without obvious precipitating causes, when 
the patient was apparently in good health. The pain usually developed 
while at rest. In several cases (4, 5, 8, 9, and 11), attacks were asso- 
ciated with exertion, but in these instances the pain either was not 
relieved by cessation of the exercise or began after the exercise was 
stopped. Some patients (Cases 1, 2, 3, 4, 7, 8, 9, 11, and 12) were able 
to do fairly strenuous work without discomfort on the same day on 
which they had spontaneous attacks of pain. One patient (Case 12) 
had attacks of angina of effort which were relieved promptly by 


Fig. 9.—Case 12. Right coronary artery. Intimal rupture, with communication 
between lumen and “atheromatous” abscess. The ante-mortem thrombus lay imme- 
diately distal to this point. L, Lumen; P indicates communication. 
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rest, but he also had pain which was not associated with exercise, emo- 
tional excitement, or eating, which he, himself, differentiated from his 
angina of effort. 

The pain varied in duration from fifteen minutes to hours, and from 
a mild ache to extreme severity. It was variously described as ‘‘burn- 
ing,’’ ‘‘gnawing,”’ ‘‘eonstricting,’’ ‘‘toothache-like,’’ ‘‘gripping,’’ ‘‘ach- 
ing,’’ ‘‘swelling,’’ ‘‘burning and erushing.’’ The character of the 
pain tended to remain constant during the entire prodromal period in 
each ease, but the severity, duration, and area involved increased with 
succeeding attacks. Most commonly, the pain was referred to the 
anterior chest wall between the midelavicular lines, and in all eases 
it was ultimately located in this area. There were three cases in 
which the pain did not involve the chest primarily. One patient (Case 
1) had ‘‘severe aching’’ and weakness of the left arm, and a second 
(Case 2) had intermittent pain in both shoulders for a week before 
the coronary occlusion. The third (Case 5) had pain in the left elbow 
for six days preceding the onset of pain in the chest. One patient 
(Case 12) had had pain in the left shoulder for three years. In other 
eases (1, 5, 6, 8, 9, and 11), it was noted that pain and extreme weak- 
ness in one or both upper extremities were associated with the pre- 
monitory manifestations. There was no local disease, and the subse- 
quent course of events indicated that the peripheral pain and weakness 
were related to the changes in the heart and coronary arteries. 

Between prodromal attacks the patients felt well, exeept for 
transient weakness. In the cases in which a physician examined the 
patient between attacks (Cases 6, 7, 8, and 12), no signs of myocardial 
infaretion were found. The electrocardiograms did not show changes 
typical of coronary occlusion following a prodromal attack in the three 
cases in which tracings were made during this period (Cases 7, 8, and 
12). 

DISCUSSION 

The mechanism responsible for prodromal pain is not clear. Feil! 
thought that ‘‘. . . progressive reduction in the lumen—either before 
the formation of the thrombus or with a gradually growing thrombus— 
appears to be the most acceptable explanation.’’ Sampson and Eliaser? 
suggested that the attacks were caused by temporary coronary in- 
sufficiency caused by ‘‘varying hemodynamie factors’’ in a diseased 
coronary artery. Parkinson and Bedford’ stated that ‘‘prodromal 
pains herald the beginning of thrombosis. ’’ 

Dr. J. B. Tlerrick,* in the course of a discussion at the American 
Heart Association meeting, in 1934, ealled attention to the possible 
relationship between prodromal pain and rupture of an atheromatous 
‘‘abseess,’’ with subsequent formation of a dissecting aneurysm in the 
wall of the involved coronary artery. 
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Examination of the many sections of coronary arteries in our collee- 
tion reveals that intramural hemorrhage, with the formation of ‘‘dis- 
secting aneurysms,’’ is a frequent occurrence. This usually takes place 
without intimal rupture. The hemorrhages may vary from small, sub- 
intimal lesions in arteries which show only minimal atheromatous 
change, to large ‘‘hematomas’’ filling atheromatous ‘‘abscesses’’ in 
the walls of severely damaged arteries. As can be seen from Figs. 5 
and 6, intramural hemorrhages can cause marked encroachment upon 
the lumen of the involved vessel and serious disorganization of the 
wall. Such extravasations of‘blood could produce transient pain in 
one or both of the following ways. 

First, a massive intramural hemorrhage, causing a more or less sud- 


den diminution in the caliber of the artery, may produce relative 


myoeardial ischemia. Sinee the obstruction is acute, but only partial, 
the pain will last only during the period of circulatory readjustment. 
In some eases, the intramural hemorrhage is sufficiently large to cause 
coronary occlusion and myocardial infarction.’ The effect upon the 
myocardium may be reversible, however, if the obstruction is not com- 
plete. This reversal may be brought about by reabsorption of the 
fluid elements of the hemorrhage, so that the lumen regains a caliber 
large enough to allow the passage of an adequate amount of blood. 
The time needed for restoration of a satisfactory flow would depend 
upon the size of the hemorrhage and the original caliber of the lumen. 
The ability of uninvolved vessels to act as collaterals will also affect 
the duration of the ischemic period. 

Second, stimulation of the coronary periarterial nerves may be a 
factor. Evidence has been obtained by animal experimentation that 
mechanical stimulation of the adventitia and the periarterial nerves 
‘auses pain, even when the coronary flow is unobstructed.” ° Tension 
on the adventitia and its nerves, caused by the intramural hemorrhage, 
might be the exciting factor in man. In addition, arteries with ex- 
tensive hemorrhagie lesions show widespread, small round-eell infiltra- 
tion in the adventitia, about the vasa vasorum, and even about the 
nerve trunks. It is possible that inflammatory changes during the 
acute process may contribute to the pain. 

It is recognized that other pathologie changes in the arteries and 
myocardium might be the source of ‘‘prodromal’’ pain. Coneeiv- 
ably, multiple, small infarcts caused by embolism or thrombosis of 
several small coronary arteries, gradual growth of a thrombus, or 
propagation of a clot, with progressive occlusion of larger branches 
of a vessel, could cause recurrent attacks of pain. Such changes are 
not compatible, however, with the absence of signs, symptoms, and 
electroeardiographie changes between painful seizures, particularly in 
those patients who had many attacks (Cases 6, 8, 9, 10, and 12) before 
the coronary occlusion. Furthermore, in the one patient who was 


BLUMENTHAL AND REISINGER: CORONARY OCCLUSION 159 


autopsied (Case 12), the only identifiable thrombus which was found 
was not more than three or four days old, although the patient’s pro- 
dromal symptoms had existed for more than six months. The fact 
that there was no myocardial fibrosis also militates against the theory 
that successive, small infarctions are: the cause of the prodromal at- 
tacks. 

It is recognized that, in the presence of a reduced coronary vascu- 
lar bed, any process th.t would inerease the work of the heart or 
decrease the coronary blood flow might cause pain. For instance, 
tachyeardia, unrecognized excitement, and changes in blood pressure 
could be such factors, but in our patients there was nothing to indicate 
that any of these things occurred. 

The ultimate development of coronary occlusion as a result of active 
hemorrhage within the wall of the artery is to be expected. Complete 
obliteration of the lumen may be caused by expansion of the dissecting 
aneurysm, as pointed out by Wartman,’ or the pressure within the 
‘abscess’? may rupture the 


‘ 


aneurysm or hemorrhagie atheromatous 
intima and thus bring about obstruction (Leary*®*). It is also pos- 


sible that the intramural hemorrhage, by damaging the overlying 


endothelium, may promote thrombosis within the lumen."° 


CONCLUSIONS 


Attacks of cardiae pain other than angina of effort may precede 
the typical manifestations of coronary occlusion. 

There are undoubtedly many factors which contribute to the pro- 
duction of prodromal pain and subsequent coronary occlusion. Of 
these it appears that intramural hemorrhage may be an important one. 


REFERENCES 


1. Feil, H.: Preliminary Pain in Coronary Thrombosis, Am. J. M. Se. 193: 42, 
1937. 

2. Sampson, J. J., and Eliaser, M.: Diagnosis of Impending Coronary Artery 
Occlusion, AM, HEART J. 13: 675, 1937. 

3. Parkinson, J., and Bedford, D. E.: Cardiae Infaretion and Coronary Thrombosis, 
Lancet 1: 4, 1928. 

4. Herrick, J. B.: Discussion of the Papers on ‘‘Pathology of Coronary Sclero- 
sis’’ and ‘‘Coronary Spasm as a Possible Factor in Producing Sudden 
Death’’ by Dr. Leary, AM. Heart J. 10: 395, 1935. 

5. Katz, L. N., Mayne, W., and Weinstein, W.: Cardiae Pain, Areh, Int. Med. 55: 
760, 1935. 

6. Martin, S. J... and Gorham, L. W.: Cardiae Pain, Arch. Int. Med. 62: 840, 


1938. 

7. Wartman, W. B.: Occlusion of the Coronary Arteries by Hemorrhage Into 
Their Walls, AM. HEART J. 15: 459, 1938. 

8. Leary, T.: Experimental Atherosclerosis in the Rabbit Compared With 


Human Atherosclerosis, Arch. Path. 17: 453, 1934. 

9, Leary, T.: Pathology of Coronary Sclerosis, AM. HEART J. 10: 328, 1935. 

10. Paterson, J. C.: Capillary Rupture With Intimal Hemorrhage as a Causative 
Factor in Coronary Thrombosis, Arch. Path. 25: 474, 1938. 


SIMULTANEOUS MECHANOGRAMS AND ELECTROGRAMS 
FROM THE INTACT HUMAN SUBJECT, WITH NOTES ON 
THE EFFECTS OF DISTENTION OF THE STOMACH 

ON THE CONVENTIONAL ELECTROCARDIOGRAM 


PRELIMINARY REPORT 


CarL A, JOHNSON, M.D., AND Grant H. Larne, M.D. 
Cuicaco, 


INTRODUCTION 


ANY attempts have been made to measure the electrical changes in 

the stomach of the unanesthetized intact human subject, but such 
studies have been limited to the use of indirect methods because of the 
technical difficulties involved. Some experiments have been made on 
animals with the viscera exposed,’° and others have been made on hu- 
man beings with thin abdominal walls by placing the electrodes on the 
surface of the body.*-® Neither of these methods yields results similar 
to those obtained in this study, and, as far as we know, there is no 
literature pertaining to the electrical changes in the esophagus and 
stomach of the unanesthetized human subject. 

At first we attempted to show a correlation, or lack of correlation, 
between the electrical changes in the esophagus and stomach and other 
viscera when contractions of these organs occurred. As data aeccumu- 
lated, it became apparent that the electrical changes did not lend them- 
selves to a simple analysis. Even though this is the case, we think the 
data of sufficient physiologic interest and clinical importance to warrant 
a short preliminary report before the completion of the investigation. 


PROCEDURES 
The mechanograms and electrograms were recorded simultaneously on a string 
galvanometer type of electrocardiograph. 

The mechanograms were obtained by the ordinary balloon method, but with a 
special recorder, as shown in Fig. 1, This recorder consists of a modified aneroid 
barometer; a piece of brass tubing was soldered to the airtight chamber, so that 
pressure and volume changes in the balloon were transmitted to the inside of the 
aneroid chamber by means of rubber tubing, thus bringing about a deflection of 
the needle. This is a very sensitive instrument for recording volume or pressure 
changes. The instrument is placed in front of the camera slit, so that movements 
of the needle are optically recorded. 

The electrical changes in the organ under observation were recorded on the elec- 
trocardiograph, as follows: Fine wires (silk-covered copper wire, gauge 356), con 
nected with the electrocardiograph, were passed through the rubber tubing and over 
1), to which the inner balloon was tied. The balloon was tied 


a glass bead (Fig. 
The wires were 


over the glass bead in such a manner as to leave the wires outside, 
From the Department of Clinical Research, St. Lukes Hospital, and the Department 
of Medicine of Northwestern University, Chicago, III. 
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then anchored to the outer balloon in any desired position, and with electrodes as 
long or as short as might be desired. In these experiments, about one inch of the 
wire made actual contact with the esophagus or stomach. The loop of wire was 
soldered in order to avoid the possibility of dislodgment or pricking the mucosa. 
By suitable adjustments, the movements of the aneroid needle can be recorded si- 
multaneously with the electrical changes in the esophagus or stomach. The balloons 
with the electrodes are not difficult to swallow, and are certainly not as distressing 
as the passage of the ordinary stomach tube. 

The subjects of these experiments were healthy men, and all but one, subject G, 
had a normal, conventional electrocardiogram. 

Records were taken from the mouth, esophagus, and stomach, 

Some of the experiments were done on the fasting stomach during hunger con- 
tractions, and others were done after a full meal. In some of these, both elec- 
trodes were in the organ, but, in others, one electrode was in the organ and the 
other was applied to the left wrist. 

Still other experiments were made with the standard leads and a balloon in the 


stomach, before, during, and after distention of the stomach, 


wire electrode 


T-tube 
ome 
H recorder 
outer balidon we 
4niner balloon wire electrode rubber tube 


to electrocardiograph 


Fig. 1.—The upper illustration is a diagram showing how the electrodes are anchored 
to the ordinary stomach balloons so that they can be swallowed by the subject. The 
diagram is self-explanatory. The lower illustration is a photograph of a modified 
aneroid barometer, used to record the volume changes of the stomach. 


RESULTS 

Records From the Mouth—These showed no electrical changes. 
Records From the Esophagus.—The electrograms from the esophagus 
showed at least two components, namely, that produced by the action of 
the heart and that produced by respiratory action. In some experiments 
there was a close correlation between the respiratory action and electri- 
‘al variations, as is shown in Fig. 2. In others there was very little 
correlation (Fig. 3). There was no definite correlation with peristaltic 
action. There were also some changes in the S-T segment, shown in 
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Fig. 2, which may have been merely the result of shifting of the iso- 
electric line associated with respiratory action. The records from the 
esophagus with both electrodes therein, or with one electrode in the 
esophagus and one on the Jeft wrist, were similar (Fig. 4). 

Records From the Stomach.—These electrograms were made up of at 
least two components, and probably three, or more: one was the electro- 
eardiographie component; the second was the electrocardiographie com- 
ponent as modified by contractions of the stomach or distention of the 
stomach; and the third included the changes in the base line (isoelectric 
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line) as modified by respiration and gastric contractions. These changes 
are illustrated in Figs. 2, 3, 4, and 5. 

The mechanoerams reflected both eardiae and gastric activity. The 
cardiac component of this curve illustrates the sensitivity of the instru- 
ment, for the time which elapsed between the Q wave and the beginning 
of the mechanical registration of cardiac activity was only 0.08 second. 
The mechanieal record of the eardiae contraction may represent trans- 
mission by adjacent structures, or it may be a reflection of the arterial 


pulse wave from the gastric or abdominal vessels. 
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Hunger contractions and electrical changes showed a correlation and 
a lack of correlation in the same record, as is illustrated in Fig. 5. 

Marked changes can be produced by distending the stomach by inflat- 
ing the balloon; these are illustrated in all of the records, but particu- 
larly in Figs. 2, 3, 4, and 5. These changes are chiefly in the form of the 
T wave and the S-T segment. Similar records were obtained when 
both electrodes were in the stomach and when one clectrode was in the 
stomach and the other on the left wrist. 

The Effect of Disicntion of the Stomach Upon the Conventional 
Electrocardiogram.—The association of abdominal distention and eardiae 
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distress has long been noted elinieally. Therefore, treatment should not 
be directed at the heart alone, but toward the relief of abdominal disten- 
tion, which in itself may play an important role in the production of 
cardiac symptoms. Some experimental work has been done in an at- 
tempt to discover the mechanism by which distention produces cardiac 
distress. Burgess, Scott, and Ivy,'’® while studying the effects of pro- 
longed distention of the stomach in the normal dog, noted electro- 
cardiographie changes, but mainly after prolonged and marked disten- 
tion. Owen"! attempted to produce extrasystoles in normal dogs by dis- 
tending the stomach. He was successful with only one dog out of ten. 

Distention of the stomach to the point of distress, by inflation of the 
balloon, also produced changes in the conventional leads of the electro- 
cardiogram, as is shown in Figures 6, 7, and 8. (Changes were more 
easily produced when these experiments were done shortly after a heavy 
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meal.) The amount of air necessary to produce sufficient distention 
varied from subject to subject. 

One notes that in two subjects (Figs. 6 and 7), in Lead III, the Q 
wave grew deeper, and the R wave became depressed to the isoelectric 
line. Relieving the distention caused these abnormalities to disappear. 
This experiment was repeated three times on the same subject, with 
similar results. In another subject similar results were obtained, except 
that the changes persisted after release of the distention. In still an- 
other subject (Fig. 8), the slurred portion of the ascending limb of R, 
moved toward the isoelectric line. 

The Effect of Distention of the Stomach on the Conventional Electro- 
cardiogram in Two Cases of Myocardial Disease —The records from pa- 
tients with myocardial damage are shown because (1) they illustrate 
more marked changes in the electrocardiogram; (2) during, and for a 
long time after the experiments, the patients had symptoms of cardiac 
distress; and (3) the interval between the P wave and the registration of 
ecardiae contraction does not coincide with the generally aecepted value. 

The electrocardiograms are illustrated in Figs. 9 and 10, and show 
changes mainly in voltage, the T wave, and the S-T segment. 

During the inflation of the stomach the patients complain of ‘‘gas 
pressure up around the heart,’’ and said ‘‘it shut off the wind.’’ They 
also complained of more cardiae distress than usual, and this lasted for 
several days after the distention was produced. 

The interval between the P wave and the mechanical registration of 
eardiae contraction, 1s shown in the records, is about one-half as long 
as that which is generally accepted, namely, from 0.04 to 0.08 second. 

We have not as yet fully analyzed these experimental results, but it 
would seem that this offers a good method for making a study of this 
fundamental problem. 

DISCUSSION 

The electrical changes which occur in the esophagus and stomach are 
of unusual interest, not only because of their bearing upon gastro- 
intestinal physiology, but also because the changes induced by gastric 
distention indicate that there are gastrocardiae reflexes which are im- 
portant in clinical medicine, This is in keeping with some of the results 
of Scott and Ivy,!? who demonstrated these reflexes in the frog and dog. 
We feel that, even though we cannot at present analyze or properly 
interpret the curves obtained, a simple and accurate method for further 
study of the problem is provided. 

Much of the previous experimental work along these lines has been 
done in an attempt to show the relationship of smooth muscle contrac- 
tion to associated electrical changes; however, since the experimental 
procedures were different, they have little bearing on this work. Our 
curves are different, probably because the electrical field may be altered 


in experiments in which the abdomen is open. 
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It is of considerable interest that the cardiac component of the elec- 
trical curve obtained from the stomach and esophagus was so pro- 
nouneed, in spite of the fact that the electrodes were very close together. 
Similar curves can be obtained with one electrode in the stomach and the 
other on the left wrist. 

The form of the cardiac component of the electrical waves obtained 
from the stomach ean be altered by inflation of the stomach. These 
alterations occur spontaneously, but particularly when the stomach is 
distended to the point of producing vague epigastric distress. The 
changes are chiefly in the S-T segment and T waves; similar changes in 
the standard leads are usually indicative of myoeardial damage. The 
changes in the contour of the waves may or may not be associated with 
gastric hunger contractions, as recorded by the gastric balloon and 
electrodes. 

The explanation of the marked changes which oeceur is not apparent 
at present. One cannot say whether the electrical changes are secondary 
to reflex activity from the stomach or to other viseeral changes. On the 
other hand, they may be the result of an alteration of the intra- 
abdominal electric field caused by the introduction of a nonconductive 
air bubble. Some of the abnormalities may be caused by a change in 
the positions of the electrodes, but this cannot account for the shiftine 
back and forth in electrograms of similar contour. Further, there is 
little or no correlation between the mechanograms and the cleetrograms 
which are taken from the same portion of the stomach, even in the 
presence of marked activity of the stomach. 

The effect of distention of the stomach on the conventional leads of the 
electrocardiogram is a further indication of the importance of consider- 
ing the possibility of the presence of a visceral factor when an electro- 
cardiogram is interpreted. There may be a change in the position of the 
heart within the chest, following distention. Work done by Brams and 
Arens™® showed that distention of the stomach and colon by gas increased 
the difficulty of percussine the heart borders accurately, whereas the 
teleoroentgenogram showed no change in their position. In either ease, it 
is important to recognize that distention of the stomach in some patients 
may alter the form of the conventional electrocardiogram. Other extra- 
cardiae causes of changes in the electroecardiogram are alkalosis, acidosis, 
anoxemia, cigarette smokine, exercise, drinking ice water, stimulation 
of the vagus and sympathetic nerves, alteration in posture, and numer- 


ous drues (For references, see Barker and associates"). 
SUMMARY 


A method is presented for making simultaneous mechanograms and 
electrograms of the stomach and esophagus. 

The mechanograms are similar to those which have been described 
by others. The electrograms show, predominantly, the electrocardio- 
graphie type of waves. The components of these undergo spontaneous 


JOHNSON AND LAING: MECHANOGRAMS AND ELECTROGRAMS ] 


changes, particularly following distention of the stomach. Similar 
curves can be obtained when both electrodes are in the stomach and 
when one is in the stomach and the other is applied to the left wrist. 
We are not able to explain the changes observed, and merely present 
the records to show that marked electrical variations are constantly 
taking place in the esophagus and stomach. 

The effects of distention of the stomach on the conventional leads of 
the electrocardiogram are shown. In some subjects these changes were 
rather marked, particularly in Lead III, whereas in other subjects no 
changes were observed. The importance of these changes with regard 
to the interpretation of the standard electrocardiogram is discussed. 


Note.—Since writing this paper, we have noted further work on this subject by 
Morrison and Swalm. An abstract of their work is contained in the program of 
the 1939 meeting of the American Medical Association. They reported changes in 


the electrocardiogram caused by distention of the stomach in cases of cardiae disease. 
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THE PREDOMINANCE OF SURFACE OVER DEEP CARDIAC 
INJURY IN PRODUCING CHANGES IN THE 
KLECTROCARDIOGRAM®* 


Bruno Kiscu,t M.D., L. H. NAuum, M.D., snp H. E. Horr, M.D. 
New HAven, Conn. 


INTRODUCTION 


REQUENT attempts have been made to ascertain what changes de- 

velop in the electrocardiogram following injury to the heart. In- 
juries have been produced by ligation of coronary arteries, either at 
random, or as they supply specifie muscle bundles, or by injection and 
the application of corrosives. In these studies no emphasis has been 
laid on the relative influence of deep and superficial injuries upon the 
electrocardiogram. Moreover, the irreversibility of the procedures em- 
ploved would not have permitted a comparison in the same heart of 
injury at the two sites. In the following experiments this question was 
studied by a method which permits repeated observations on the same 


heart of the effeets of both surface and deep injury. 


METILODS 
Seven dogs, eight cats, und two rabbits were employed, They were deeply 


anesthetized with sodium amytal, nembutal, or dial, While artificial respiration 


was being employed, the heart was exposed through the anterior chest wall, after 
the removal of portions of the left fourth and fifth ribs. In some experiments 
the pericardium was opened and sutured tigltls to the chest wall to permit nat- 
ural respiration. In others, the artificial respiration was maintained throughout, 


and the heart was permitted to rest in its natural position, usually in contact with 
the diaphragm and posterior muscle ‘mass. In most experiments the animal lay 
on its back, but in others it jay on its right side, so that the anterior surface 
of the heart was in contact with the chest. The three conventional electrocardio 
graphic leads were taken; the chest wall was closed with clips during the record 
ing, while the lungs were expanded fully by the artificial respiration. 

Surface injuries were produced by the application of small squares of filter 
paper soaked in M/S and M/10 solutions of various salts. This method, employed 
first by Hofmann,! was developed as a physiologie method by one of us.2— Heat 
and cold were applied by touching the surface of the heart with test tubes filled 
with hot or cold water. The deep musculature was injured by the injection of 
M/5 and M/10 KCl, in varying amounts, through 2 fine hypodermic needle.  Pre- 
cautions were taken against drving, cooling, and the accumulation in the peri 
eardium of test solutions. 

From the Laboratory of Physiology, Yale University School of Medicine, New 
Haven, Conn. 

Received for publication Nov. 24, 1939. 
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RESULTS 


A. Applications to the Surface at the Aper.—The application of iso- 
tonie sodium chloride to all parts of the surface of the heart was with- 
out effect upon the electrocardiogram. Magnesium sulfate, in the same 
concentration, was equally ineffective when applied to the apex. How- 
ever, KCI], CaCl, and heat and cold, when applied to the apex, pro- 
duced characteristic and striking alterations in the S-T portion of the 
complex (Fig. 1). These effeets were specific for the agent employed 
and were consistently produced in the entire series of experiments. The 
changes appeared within a few seconds after the application of the 
agent and subsided promptly after removal of the filter paper or test 
tube. The effects of heat and cold disappeared most rapidly; those of 
the salts gradually subsided in from one to two minutes. Washing the 
surface of the heart after the salt applications greatly hastened the 


process of recovery, which was complete. 


Fig. 1.—Cat, 3 kg. A, control, Lead II; B, application of M/10 KCl to apex on 
pledget 1 ecm. square; C, similar application of M/10 CaClh; D, test tube filled with 
ice water applied to same region: FE, test tube filled with hot water (60° C.); F, M/10 
KCl just posterior and cephalad to apex. Following each record is a control from the 
same lead, taken from two to three minutes after removal of the application. 


The magnitude of the changes was influenced by the size of the area 
covered by the filter paper. A piece containing about 10 mg. of the 
solution, covering an area of only 9 sq. mm., was sufficient, when ap- 
plied to the apex, to produce a definite effect in a dog weighing 6 kg. 


Larger applications evoked more striking changes (Fig. 2). 


SSS 
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B. Application to Other Surface Areas of the Ventricles—Without 
exception, the most striking changes in the electrocardiogram were pro- 
duced by applications to the surface at the apex. Alterations of a 
similar nature, but less pronouneed, were produced by applications to 
regions along the base and the medial portion of the posterior surface. 
The magnitude of the alterations produced by applications to other 
regions depended partly upon the position of the heart in the chest. 
In experiments in which the heart was lifted anteriorly by suture of 
the pericardium to the chest wall, and was, therefore, no longer in 


Fig. 2.—Dog, 13.5 kg. Sodium amytal anesthesia. Lead III. A, Control: B, M/5 
KCl at apex, with pledget size, 0.5 « 1.0 em.; C, as in B, with pledget size, 1.0 1.0 cm. ; 
D, pledget 1.5 x 1.0 cm.; EF, pledget 1.0 2.0 cm.; F, pledget 1.5 1.5 em.; G, 1.5 ac. 
M/5 KCl dropped into pericardial cavity. Controls were taken after removal of each 
pledget and thorough washing, and they showed complete recovery. 


contact with the posterior muscle mass nor with any appreciable 
amount of tissue anteriorly, applications to the anterior surface pro- 
duced almost no alterations. Applications to the left lateral and left 
posterior surfaces of the heart were also relatively ineffective, except 
near the base. Applications to the right lateral and adjacent anterior 
surfaces caused intermediate changes. When the heart was not sus- 


pended, but rested naturally in the eavity, with the lungs completely 
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Fig. 3.—Cat, 4.7 kg. Sodium amytal anesthesia. Pericardium sewed to chest wall. 
Anterior surface of the heart exposed. A, Control, Lead II. 94 to 8, inclusive, records 
following application of M/5 KCl to corresponding areas on the anterior surface. These 
areas are indicated in Fig. 3A. 


ANTERIOR 


RIGHT LEFT 


POSTERIOR 


Fig. 3A.—Diagram indicating location of surface areas referred to in Figs. 3 to 9. 
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expanded around it and the posterior surface in contact with the pos- 
terior muscle mass, no posterior area was completely ‘‘silent.’’? Appli- 
cations to the entire area became much more effective than in the pre- 
vious experiments, and the changes showed greater uniformity. Never- 
theless, the apex retained its predominance. When the anterior sur- 
face of the heart was in contact with an intact chest wall, applications 
to this region beeame effective, but, again, injury of the apex produeed 
ereater changes (Figs. 3, 4, and 5). 

When pledgets were applied to the apex, the effeets of the injury 
were greatly diminished by proper insulation of the affected area from 
contact with the surrounding tissues. Unless the insulation covered 
an area much greater than that of the pledget, the changes were not 
suppressed completely. 

Rubidium chloride was tested in several experiments and produced 
changes qualitatively similar to those evoked by KCI, but of lesser 


magnitude. 


Fig. 4.—Dog, 9.1 kg. Sodium amytal anesthesia. Artificial respiration. All records 
taken with chest wall clipped together and lungs fully expanded. A, Control, Lead II; 
B, M/5 KCl on pledget, 1.5 cm. square, applied to area 0 (anterior); C, control, 3 
minutes later; D, application of KCl to aren 0 (posterior): F, application of KCl to 
area 8 (posterior) ; G, application to areas 4 and 5 (posterior) ;: H, application to areas 
2 and 3 (posterior). Controls were taken between applications and showed restora- 
tion to normal, as in C and £. 
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C. Intramyocardial Injections.—To compare the influence of surface 
and deep myocardial injuries, M/5 and M/10 KCl were injected intra- 
myoeardially in the region underlying the area in which the surface 
effects were greatest, namely, the apex. It should be emphasized that, 
with deep injection, some of the solution often reached the surface 
along the track of the needle, or infiltrated subepicardial areas, espe- 
cially when volumes of as much as 1 ¢.¢. were injected. In these in- 
stances, areas of definite loss of color marked the extent of the surface 
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infiltration. A minimum estimate of the size of the area of the region 
affected could be made by assuming that the solution formed a sphere 
within the myocardium, although actually it must have been much 
ereater. On this assumption, however, the area affected by 1 ¢.c. con- 
tained over 5 sq. em., and, that by 0.1 ¢¢., over 1 sq. em., which was 
roughly the size of the external pledget. 

When the changes evoked by the application to the apex of a piece 
of filter paper 1 em. square were compared with those produced by the 
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deep injection of even as much as 1 ¢.c., the surface effects were found 
to be much more pronounced (Figs. 6 and 7). The alterations follow- 
ing deep injections were not always of the same general character. In 
some experiments, in which the absence of surface discoloration indi- 
eated that no surface fibers were involved, and leakage around the 
needle track was removed by washing, almost no electrocardiographic 
changes were apparent. It was made certain that in these experiments 
the needle was not in the ventricular cavity. 

In experiments in which injections near the surface produced an 
effect, as much as twenty minutes were required for its total disap- 
pearance. Insulation of the area greatly diminished the changes, 
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whereas the application of a pledget produced only the change that 
would have oecurred without the injection (Fig. 8). There was, there- 
fore, no addition of effects. Minor changes were produced by the deep 
injection of NaC! solution, as well as by the presence of the needle 
in the myoeardium. Regions other than the apex were tested with deep 
injections, with similar results (Fig. 9). 
DISCUSSION 
The application of various agents to the surface of the heart was 
found, in these experiments, to produce striking changes in the S-T 
portion of the eleetrocardiogram. It is significant that each agent 
produced a characteristic alteration whieh was easily distinguished and 
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uniformly obtained. The cause of such effects cannot, therefore, be 
simply the paralysis of a certain number of myocardial fibers, nor can 
the changes be attributed to interference with the conduction of the 
action currents of the heart te adjacent tissues, caused by the inter- 
position of the saturated pledget. Solutions of both potassium chloride 
and calcium chloride are adequate conductors, and they do not differ 
ereatly in this respect from sodium chloride and magnesium sulfate, 
which were ineffective. Furthermore, the actual insulation of an af- 
fected area from the tissues usually in contact with it greatly reduced 
the magnitude of the changes, without altering their character. 

These changes were, furthermore, rapidly and completely reversible. 
The changes evoked by KCl were sufficiently like those caused by 


CaCl, to suggest some similarity in the mechanism of the two effeets. 


C 


Fig. 9. 
B, deep injection, 0.5 c.c. M/5 KCl under area 
square) applied to the same area. 


Same experiment as is shown in Figs. 4 and 6. A, Control, three leads; 
3 (anterior) ; C, KCl pledget (1.5 cm. 


When present in sufficient concentration, both substances are known to 
alter the activity of the myocardium, and they produce typical differ- 
ences which are apparent in the contour of the S-T segment.* * The 
effects of heat and cold were very unlike those of caleitum and _ potas- 
sium and were strikingly different from each other. In some respects, 
the effect of cold was the opposite of that produced by heat. With 
cold, the S-T interval became elevated and convex and the T wave 
sharply inverted, whereas, with heat, the T wave remained conspicu- 
ously upright. 

Applications of test solutions to the surface at the apex provoked 


responses more striking than could be elicited from any other area of 
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similar size. Colombi*® obtained similar changes by applying alcohol 
and other substances to the apex, but attributed them to alterations in 
temperature and believed that they could be obtained only at the apex. 
Such a preponderance of the apex does not seem to be entirely ex- 
plicable in the light of what is known about surface conductivity. 
Katz and Korey® found that conduction from the apex through the 
diaphragm accounted for approximately 25 per cent of the potential 
recorded in the electrocardiogram, and that the posterior surface ac- 
counted for 40 per cent. If this be true, one would expect more strik- 
ing effects from injury to the posterior surface than to the apex. With 
this exception, however, Katz’s general coneept of the importance of 
conduction to adjacent structures from various regions of the heart is 
substantiated by our results. Damage to the areas which Katz found 
to be ‘‘silent’’ produced, on the whole, minor alterations, whereas in- 
jury to cardiae surfaces in contact with the ‘‘good’’ conductors pro- 
duced the more striking changes. Katz’s view is further substantiated 
by the observation that adequate insulation of areas treated by appliea- 
tions greatly reduced or abolished the effect. This procedure followed 
closely that employed by Katz, except that the process was reversible. 
It should be emphasized, however, that, although variations in econ- 
ductivity might explain the ease with which surface alterations in 
various regions may be detected in the electrocardiogram, it does not 
furnish any explanation of the mechanism of their production. 

Judging from the quantities injected deeply into the myocardium, 
the minimum areas of injury must have been much larger than those 
produced on the surface. Nevertheless, the effect of superficial applica- 
tions was invariably much more pronounced. In some eases, deep injee- 
tions produced no ehanges whatever, and, in those experiments in 
which electrocardiographie alterations were most marked, superficial 
infiltration occurred and might alone have produced the effects ob- 
served. Sodium chloride solutions, and even the presence of the needle, 
in situ, produced some changes. It is also possible that injury to the 
deep layers altered either the conduction to the surface or the nutrition 
of the overlying areas, and thus indirectly produced surface changes. 
In any case, the results of superficial injury completely masked the 
effect of injury to deeper layers. Thus, in the presence of superficial 
involvement, the recognition of the existence and extent of injury to 
subjacent areas became impossible. It is clear, therefore, that altera- 
tion or suppression of the electrical activity at the surface is a far more 
potent cause of abnormality in the S-T portion of the ventricular com- 
plex than is similar involvement in the deep layers of the heart. 

The classical concept presented by Einthoven, and accepted without 
serious question since then, stated that the electrocardiogram repre- 
sents the algebraic summation of the electrical activity of all of the 
component fibers of the heart. It is difficult to explain by such a hy- 
pothesis the extraordinary preponderance of the effects of injury of the 
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surface of the heart. These experiments, moreover, afford no support 
to the view that the electrocardiographie changes following injury are 
determined by the specific contributions of individual muscle bundles. 
Study of single cells indicates that bioelectric phenomena occur at their 
surfaces. Although there is no evidence that the surface of the heart 
has a relation to the interior comparable to that of a cell membrane, 
with regard to the action potential, the experiments reported here seem 


to suggest such a possibility. 
SUMMARY AND CONCLUSIONS 


1. Application of M/5 or M/10 KCl] and CaCl, and of heat and cold, 
to the surface of the heart produced characteristic changes in the 
S-T segment of the electrocardiogram which were rapidly and com- 
pletely reversible. Sodium and magnesium salts were ineffective in the 
same concentrations. 

2. The most marked changes were produced when the apex was in- 
jured. The magnitude of changes when other areas were damaged 
varied in accordance with their proximity to conducting structures. 

3. Injections of KCl into the deeper layers of the heart produced 
relatively minor changes, or none at all. 

4. Changes in the S-T segment of the electrocardiogram betray in- 
juries to the surface of the heart with far greater effectiveness than 
injuries to the deeper layers. 

5. The effects of surface injuries completely mask those of damage 
to subjacent regions. 

6. The magnitude of the electrocardiographie changes following in- 
jury to the heart are almost entirely conditioned by the nature, extent, 
and location of surface involvement. 

7. It is possible that the electrical activity of the ventricles is a 
phenomenon which is determined largely by the surface of the heart. 
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THE RELATION BETWEEN BUNDLE BRANCH BLOCK AND 
CARDIAC ENLARGEMENT 


ARTHUR M. Master, M.D., Henry Kater, M.D., Stmon Dack, M.D., 
AND Harry L. JAFFE, M.D. 
New York, N. Y. 


HE conception of bundle branch block in man is dominated almost 
entirely by the pioneer researches on animals of Eppinger and 
Rothberger,’ and Lewis,? who. produced a characteristic type of electro- 
eardiogram by sectioning the right or left branch of the A-V_ bundle. 
Such an electrocardiogram shows left or right axis deviation, prolonga- 
tion of the QRS complex beyond 0.12 second, with notching, and T 
waves pointing in a direction opposite to that of the main deflections 
of the QRS complexes.* The chief controversy has concerned the type 
of electrocardiogram which corresponds to a lesion in the right or left 
bundle branch. It is now generally agreed in this country that a block 
in the left bundle branch results in left axis deviation, and a block in 
the right bundle branch, in right axis deviation.*~® 
While we accept the view that a lesion of a bundle branch produces 
a specifie bundle branch block pattern, for example, in acute condi- 
tions like coronary artery occlusion’? and rheumatic fever, we believe 
that in the majority of chronie cases the anatomic basis of this eleetro- 
eardiographie pattern is diffuse myocardial damage probably involv- 
ing both bundle branches, and enlargement of one or the other of the 
ventricles. We have been impressed with the frequent occurrence of 
cardiac enlargement, usually of marked degree, when bundle branch 
block is present. Furthermore, we have found that left bundle branch 
block is usually associated with enlargement of the left ventricle, and 
right bundle braneh block with that of the right ventricle. We believe 
that these relationships are eausal, not fortuitous, a view which has 
been hinted at infrequently in the past.1*™ 


MATERIAL 

The material for this study consisted of the last 100 consecutive cases 
of bundle branch block at the Mount Sinai Hospital, in all of which 
the size of the heart was ascertained at necropsy or by means of tele- 
oroentgenograms or fluoroscopic examination. There were fifty-nine 
men and forty-one women; their ages ranged from 11 to 77 years. Etio- 
logically, the eases fell into four groups: coronary arteriosclerosis, with 
or without hypertension, fifty-eight cases; coronary artery occlusion, 
twenty-five cases; chronic rheumatic cardiovalvular disease, 9 cases; 
miscellaneous conditions, 8 cases, including von Gierke’s disease, syph- 
ilis, Graves’ disease and congenital heart disease. Three of the patients 

From the Cardiographic Laboratory and the Medical Services, Mount Sinai Hospital, 
New York, N. Y. 

Received for publication Dec. 4, 1939. 


186 


MASTER ET AL.: BUNDLE BRANCH BLOCK AND CARDIAC ENLARGEMENT 187 


with Graves’ disease were over 45 years of age; therefore, coronary 
sclerosis may have been present. Thus, it is seen that arteriosclerotic 
heart disease, including coronary occlusion, accounted for 86 per cent 
of the cases. Such a high incidence has been noted also by others.'°-** 

Only electrocardiograms showing the typical pattern of bundle branch 
block, with a QRS interval which measured at least 0.12 second, were 
accepted for study. High voltage was not considered requisite; in fact, 
the voltage was normal in the majority of cases. Atypical records, for 
example, those in which there were both left axis deviation and a large 
S wave in Lead I, were excluded. Left bundle branch block was pres- 
ent in 90 per cent of the cases, and right bundle branch block in 10 
per cent, which is a somewhat higher ratio of left bundle branch block 
than that usually reported.'-?% In five cases which were included in the 
series, complete A-V dissociation was present in addition to the bundle 
branch block; the latter was left-sided in four, and right-sided in one. 

The heart was regarded as enlarged if it weighed 375 Gm., or more, 
at necropsy, or if it appeared enlarged in the teleoroentgenogram. The 
‘“ases have been divided into two groups, depending upon whether the 
size of the heart was ascertained after death or during life. 

Death occurred in thirty-one cases; in twenty-eight of these the heart 
was examined at necropsy and found to be almost invariably increased 
in size (Table 1). The average eardiae weight was 586 Gm. In eighteen 


TABLE I 


TYPES OF BUNDLE BRANCH BLOCK AND HEART WEIGHTS IN THE VARIOUS KINDS OF 
HEART DISEASE (Post-MoRTEM CASES) 


BUNDLE 


| BRANCH HEART WEIGHT 
NUMBE 
Pore 600 GM.| 500-599 | 400-499 | 375-399 
| AND OVER| GM. GM. GM. 
Coronary sclerosis 7 7 0 | 2 2 2 
and/or hyperten- 
sion 
Coronary occlusion 14 11 3 2 6 6 0 
Rheumatie chronic | 3 1 3 1 0 0 
eardiovalvular 
disease 
Miscellaneous 3 ae. oe | 2 1 0 0 


sases the heart was very large; it weighed 600 Gm., or more, in eight, 
and from 500 to 599 Gm., in ten. In eight cases the weight was between 
400 and 499 Gm. In the two remaining eases the heart was only 
slightly enlarged, weighing between 375 and 399 Gm.; it is noteworthy 
that these patients succumbed to extracardiae disease. Each of the 
four etiological groups contributed some of the largest hearts, but the 
average cardiae weight in the cases of coronary artery occlusion was 
only 530 Gm., whereas that in the hypertensive arteriosclerotie group 
was 649 Gm. 
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In the remaining seventy-two cases the heart was examined roent- 
genologically (Table II). It was enlarged in all but six eases of left 
bundle braneh block; when right bundle branch block was present, 
the heart was always enlarged. In twenty-nine eases the degree of 
enlargement was marked, and in twenty-nine it was moderate. In 
eight cases the increase in size was slight. In three of the eases in 
which there was little or no enlargement, the clinical diagnosis was 
thyrotoxicosis, and the conduction defect may have been functional; 
however, the possibility of coronary sclerosis could not be excluded. 

In Tables III and IV the type of bundle braneh block, left or right, 
is correlated with preponderant left and right ventricular enlargement. 
In some eases in which both ventricles were increased in size it was 
impossible to say which was the larger. We have also excluded the 
five eases of complete A-V block. It will be seen (Table III) that the 
left ventricle was definitely larger than the right in 71 per cent of 
the eases of left bundle branch block, and that in no case of left 
bundle branch block was the right ventricle preponderant. It is sig- 
nificant that hypertensive arterioselerotic heart disease, which produces 
left ventricular enlargement, was associated with left bundle branch 
block in all but one case, in which complete A-V dissociation was also 
present (Tables I and II, Fig. 1). There were four cases of rheumatic 
heart disease with left bundle branch block, and in three of these 
aortic valvular disease was present. 

Of the ten eases of right bundle branch block (Table IV), the right 
ventricle was larger than the left in four and the left ventricle was 
preponderant in one. In five of the ten cases of right bundle braneh 
block the lesion was caused by rheumatic heart disease; in four, as a 
result of advanced mitral stenosis, the right ventricle was preponderant 
over the left (Fig. 2). In the fifth case, in which aortie stenosis and 
insufficiency, as well as mitral stenosis, were present, the left ventricle 
was larger than the right. In addition, the coronary arteries were 
sclerotic and very narrow; this may explain the presence of right 
bundle branch block, for it is possible that the artery supplying the 
right branch was oceluded. The remaining five cases were instances 
of coronary artery occlusion. In only one of these was the right ven- 
tricle actually larger than the left; in the remaining four both ven- 
tricles were enlarged. It appears that in eases of coronary artery ocelu- 
sion the location of bundle branch block may not depend entirely upon 
ventricular enlargement, but also upon whether there is infaretion of 
the septum which interferes with conduction through one of the 
branches.’ One of the five patients with A-V dissociation had right 
bundle branch block, vet the left ventricle was preponderant over the 
right. 

A microscopic examination of the ventricular muscle was made in 
every case in which an autopsy was done, but there was no specific 
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attempt to investigate the bundle branches. Ventricular abnormalities, 
that is, fibrosis, infarction, or glycogen infiltration (in the case of von 


Gierke’s disease), were present in all cases, and were, as a rule, gen- 


eralized. 


S. B., male, 68 years old. Long-standing hypertension, blood pressure 
170/110, angina pectoris. No history of coronary occlusion or heart failure. Electro- 
cardiogram shows typical left bundle branch block. Teleoroentgenogram reveals very 
marked enlargement of the left ventricle. 


Fig. 1. 


“we” 


Fig. 2.—F. P., male, 44 years old. Chronic rheumatic valvular disease, with involve- 
ment of mitral, aortic, and tricuspid valves. <Auricular fibrillation and congestive fail- 
ure were present. The electrocardiogram shows right bundle branch block. The teleo- 
roentgenogram shows enlargement of the right and left ventricles. At necropsy the 
right ventricular enlargement was predominant. 


j A 


190 THE AMERICAN HEART JOURNAL 


TABLE IT 


TYPES OF BUNDLE BRANCH BLOCK AND HEART SIZE IN THE VARIOUS TYPES OF HEART 
DISEASE (EXCLUDING Post-MORTEM CASES) 


| BUNDLE 
| BRANCH CARDIAC ENLARGEMENT 
ETIOLOGY NUMEEE BLOCK 
OF CASES MODER- | 
LEFT | RIGHT| MARKED| ~~” SLIGHT | NORMAL 
ATE 
Coronary sclerosis 51 | 50 | 21 3 
and/or hyperten- 
sion 
Coronary occlusion 11 9 2 5 6 0 0 
Rheumatie chronic 5 1 2 2 0 
eardiovalvular 
disease 
Miscellaneous 5 5 | 0 9 0 0 3 


TABLE III 


HEART SIZE AND PREPONDERANT VENTRICULAR ENLARGEMENT IN LEFT BUNDLE 
BRANCH BLOCK 


PREPONDERANT VENTRICULAR 
ENLARGEMENT 


NUMBER 


OF CASES | INDETER- 
| LEFT RIGH' 
MINATE 


Cases in Which Death Occurred (Autopsy) 


600 Gm. and overs 6 | 0 9 
500-599 Gm. 7 6 ‘) 
375-399 Gm. 2 1 0 1 
Definite enlargement 2 0 0 9 
Cases in Which Death Did Not Occur (X-ray) 
Marked enlargement 26 | 2 | 0 5 
Moderate enlargement 26 21 | 0 5 
Slight enlargement 6 5 0 | 1 
No enlargement 6 
Total 60 © 19 


HEART SIZE AND PREPONDERANT VENTRICULAR ENLARGEMENT IN RIGHT BUNDLE 


BRANCH BLOCK 


PREPONDERANT VENTRICULAR 


| NUMBER |__ — 
| INDETER- 
MINATE 


HEART SIZE 
LEFT RIGHT 


Cases in Which Death Occurred (Autopsy) 


600 Gm. and over | ] 0 
500-599 Gm, | 0 | 0 
100-499 Gm. 0) 0 l 
Cases in Which Death Did Not Occur (X-ray) 
Marked enlargement | 2 
Moderate enlargement | 2 0 0 ? 
| 
Slight enlargement 2 0 2 0 


TABLE IV 
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DISCUSSION 


Our observations make it evident that ventricular enlargement and 
myocardial disease are almost constantly present when the electrocardio- 
gram shows bundle branch block. Enlargement was present in almost 
every case in which death occurred, and in 94 per cent of the entire 
series; its degree was marked or moderate in 83 per cent. Cardiac 
enlargement has been present, also, in the majority of cases reported 
by other authors;'*-"* the percentage has varied from 74 to 93. In 
some of these, the presence of enlargement was established by percus- 
sion only; it is possible, therefore, that enlargement was actually more 
frequent. 

The importance of cardiac enlargement is further emphasized by the 
fact that the type of bundle branch block is determined usually by the 
ventricle that is enlarged. This correspondence was very evident in 
our series; in no ease of left bundle branch block was the right ventricle 
preponderant, and in only one ease of right bundle branch block un- 
complicated by complete A-V dissociation was the left ventricle pro- 
portionately larger than the right. It is noteworthy that conditions 
which produce enlargement of the left ventricle, such as hypertension 
and arteriosclerosis, usually are associated with left bundle branch 
block (Fig. 1), and diseases resulting in right ventricular enlargement, 
such as mitral stenosis, with right bundle branch block (Fig. 2). In 
our series the bundle branch block was left-sided in almost 100 per cent 
of the patients with hypertension and arteriosclerosis; others’ ** 1° 
have reported that this was true in approximately 80 per cent of their 
cases. Bayley’ observed that patients with mitral stenosis developed 
right bundle branch block because the right ventricle was under strain 
and enlarged. Since enlargement of the left ventricle is much more 
common than enlargement of the right, left bundle braneh block is the 
type usually encountered. 

A number of pathologie observations confirm our belief that bundle 
braneh block is related to cardiae enlargement and diffuse ventricular 
damage, and not alone to an isolated break in the continuity of a bundle 
branch. Bach" pointed out that, despite innumerable microscopic sec- 
tions, in the majority of the eases of bundle branch block which have 
been reported no lesion was found to indicate that there was a com- 
plete structural alteration in the conducting system, as distinguished 
from the myocardium as a whole.2® Furthermore, the involvement of 
the bundle branches is usually bilateral;** this is inconsistent 
with the fact that either left or right bundle branch block may occur 
alone. Another point against the theory that an isolated bundle branch 
lesion alone is the cause of bundle branch block is the fact that left 
bundle branch block is much more common than right. Sinee both 
bundle branches are supplied by the left coronary artery, the two types 
should be equally common. It would thus seem that the changes in 
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the bundle branches are merely a part of the generalized ventricular 
disease, and that an additional factor is necessary to produce actual 
bundle branch block. This factor is cardiac enlargement. The myo- 
cardial disease, including involvement of the bundle branches, produces 
the intraventricular conduction defect, but the character of the ven- 
tricular enlargement determines whether the bundle branch block will 
be left-sided or right-sided. 

One of us®* *° has shown that enlargement of a ventricle often pro- 
duces marked changes in the electrocardiogram; for example, when the 
left ventricle is enlarged as a result of hypertension or aortic valvular 
disease, the electrocardiogram is characterized by left axis deviation, 
high voltage of the QRS complex, depression of the R-T segment and 
inversion of the T wave in Leads I and II. This pattern resembles that 
of left bundle branch block, except that the QRS interval is of normal 
duration. As fibrosis of the myocardium becomes widespread in the 
enlarged chamber, the QRS complex may become widened and notched, 
and this not infrequently leads to the typical pattern of bundle branch 
block. We have observed several cases in whieh such a transformation 
took place in the absence of coronary occlusion, and other authors have 
reported a similar experience.'* '* Presumably, the only change in the 
heart was an increase in the size of the left ventricle and in the degree 
of myocardial involvement. It is even possible that bundle branch block 
may occur in a large heart in the absence of myocardial disease. Al- 
though the latter was present in all of the eases in our series in which 
necropsy was performed, Pardee and Price** reported two instances of 
very large hearts without morphologic changes in which bundle branch 
block was present. 

The mechanism by which enlargement of a ventricle aids in pro- 
dueing bundle branch block probably depends, as Fahr* suggested, upon 
an inerease in the length of the conduction pathway in that ventricle, 
which delays conduction of the impulse through that ventricle as com- 
pared to the smaller one. As a result, the electrical balance between the 
two ventricles is upset. The use of the monocardiogram has confirmed 
this idea, for Mann® has shown that in bundle branch block the electrical 
path is in the same direction as in an enlarged ventricle; the only differ- 
ence is that the length and irregularity of the pathway are increased. 

We believe that sufficient evidence has been presented to indieate 
that chronie bundle branch block need not always be attributed to a 
localized lesion in a bundle branch. That interference with conduction 
in a bundle branch may produce a bundle braneh block pattern has 
been shown experimentally, as well as in the rare instances of gumma 
of the bundle and the occasional cases in which a functional type of 
block oceurs in normal hearts, It may also explain the bundle braneh 
block whieh oceurs during heart failure and in the course of acute dis- 
eases, such as rheumatic fever and coronary artery occlusion. It should 
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be noted, however, that even in eases of coronary artery occlusion, 
eardiae enlargement plays a role, for we found that left bundle branch 
block was much more common than right, and coronary artery occlusion 
usually oceurs in hearts which have large left ventricles. Since each 
bundle branch is supplied by branches of the right and left coronary 
arteries, and since these are occluded with equal frequeney, one would 
expect the incidence of right and ieft bundle branch block to be the 
same, unless there were another factor, such as ecardiae enlargement. 


SUMMARY 


The size of the heart was ascertained at necropsy or by roentgenologic 
examination in 100 consecutive eases of typical bundle branch block. 

The clinical diagnoses were: arteriosclerotic heart disease, 58 per 
cent; coronary artery occlusion, 25 per cent; chronic rheumatie¢ valvular 
disease, 9 per cent ; and miscellaneous conditions, 8 per cent. 

The heart was enlarged in all cases in which it was examined post 
mortem; the average cardiae weight was 586 Gm., the lowest, 375 Gm. 

Of the cases in which there was only a roentgenographie examination, 
the heart was increased in size in 91 per cent. In three of the six cases 
in whieh there was no enlargement, the diagnosis was Graves’ disease. 

Left bundle branch block was present in 90 per cent of the cases. In 
71 per cent of these the left ventricle was larger than the right, and 
in none was the right ventricle preponderant. Hypertensive heart dis- 
ease was almost invariably associated with left bundle branch block. 

Of the ten eases of right bundle branch block, the right ventricle was 
predominant in four, and the left ventricle in one. Both ventricles were 
enlarged in five cases of coronary artery occlusion. 

Diffuse myocardial involvement was found in all eases in which a 
necropsy was performed. 

It is concluded that, in most instances, chronie bundle branch block 
is the result of an inerease in the size of the heart, and of myocardial 
damage, with diffuse involvement of the bundle branch system. The 
type of bundle braneh block depends on which ventricle is predomi- 
nantly enlarged. 
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THE EXAMINATION OF THE HEART AND LUNGS BY THE 
CARDIOCATROGRAPHIC METHOD 


I. Sern Hirscu, M.D. 
New York, N. Y. 


a years, attempts have been made to make roentgenographie ex- 
posures of the chest at a predetermined phase of the cardiae cycle 
by synchronization of the exposure with heart sounds, pulse waves, or 
action current impulses. The methods which utilize the carotid pulse’ 
or the heart sounds (Rivolta) suffer from an inherent difficulty, in 
that both the heart sounds and the pulse waves occur during systole, 
and, in order to synehronize the exposure with the end phase of diastole 
(the desirable instant, as will be shown later), it becomes necessary to 
introduce a delay, the magnitude of which depends upon the pulse rate. 
Since this may be variable even in the same person, no uniform results 
can be expected, for the adjustment for pulse rate cannot be exact. 
Further, the interference produced by extraneous noises and the variable 
quality of the first and second sounds are additional difficulties which 
cannot be overcome in the heart-sound method. 

The action current of the heart has been used as a control, by timing 
the disturbance produced by the roentgen exposure on simultaneously 
recorded electrocardiograms, or by using the action currents of the 
heart to set off the exposure (Berek and Chantraine?). The method 
here deseribed also makes use of the action currents of the heart,*® but 
by means of a special, but simple, cireuit which has no inherent delay 
or lag. The R wave of the eleetrocardiogram is utilized to set off the 
cireuit-closing mechanism which makes the roentgenographi¢e exposure, 
because correlation of the roentgenkymographie movement wave with 
electroeardiographie phenomena has shown that the peak of the R wave 
is attained about 0.08 second before the beginning of the systolie move- 
ment, and that it therefore corresponds to the time of maximum diastole, 
that is to say, to the end of the period during which the musculature 
of the ventricle is expanding. 

The apparatus herein described was designed and constructed by Myron Schwarz- 
schild.3 It closes the circuit of the x-ray machine at the moment when the R wave is 
at its peak, or shortly thereafter, and thus produces a roentgenogram of the heart 


during the period of maximum diastole. By inserting a delay mechanism in the 


circuit, the x-ray exposure may be made at the instant when the heart is in 
The apparatus is called the cardiocairograph, from the Greek 


maximum systole. 
2 definite point of time; the letter e is sub- 


word ‘‘kaipoo’’ (kairos), meaning 
stituted for k in order to avoid confusing ‘‘cairograph’’? with ‘‘kymograph. *’ 
From the College of Medicine, New York University and the Beth Israel Hospital, 
New York City. 
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The interval between the peak of the R wave and the period of maximum systole 
is relatively constant, namely, about 0.20 second, and it is relatively independent of 
the pulse rate. 

Fig. 1 illustrates the plan of the apparatus. The electrocardiographic leads from 
the patient are connected to an amplifier which is equipped with a special cathode-ray 
tube (the ‘‘Magie Eye,’’ a cathode-ray type of thermionic vacuum tube, Type 6E5, 
such as is used in many radio receivers as a visual tuning indicator). The indicator 
of the tube is in the form of a fluorescent-lighted sector which covers the whole area 
of the target, and is viewed through the top of the bulb. During the operation 
of the tube, the two edges of the lighted portion separate with a fanlike motion, 
leaving an unilluminated sector on the conical plate. This tube enables the operator 
to watch the action currents and to select the lead most suitable for the purpose, 
namely, the lead which has the largest R deflection. Should there be inversion of 
the deflection in the lead which is selected, it is shown in the cathode-ray tube, 
the leads are accordingly interchanged simply by throwing a switch arranged for 


that purpose. 


TIME 
| -—— TRIGGER 5 
— 


+ AMPLIFIER 4 
rT XS: 


| | 

| | 

| | , TO RA 
Y 

TO PATIENT TIMER 


Fis. 1.—The plan of the cardiocairograph. 


The output of the amplifier, which is about ten thousand times greater than 
circuit. The essential elements of the 


the input voltage, is fed into a ‘‘trigger’ 
trigger circuit are a thyratron tube and a condenser. The thyratron tube is a gas- 
filled triode in which the p!ate-to-cathode path is open as long as the grid potential 
is maintained below a certain fixed level; if the grid potential is raise, even mo- 
mentarily, above this fixed level, the plate-to-cathode path becomes conducting and 
remains so until the external plate circuit is interrupted. Fig. 2 illustrates the 
course of events about to be deseribed. With the patient connected and the amplifier 
operating, the amplified electrocardiographic waves are impressed upon the grid 
of the thyratron in such a manner that the peaks never reach the flashover potential 
referred to above. When the control switch is closed, two things oceur. First, 
the plate cireuit of the thyratron tube is complete; and, second, a condenser, which 
up to this time has been charged and has depressed the grid potential, begins to 
discharge. The grid potential thus rises, as indicated in Fig. 2, and the thyratron 
tube flashes over at the instant the grid attains the flashover potential. A considera 
tion of Fig. 2 shows that this obviously must occur near the peak of the ascending 
limb of the R wave. 

The flashover phenomenon in the thyratron tube permits current to flow in the 
plate circuit of that tube. This circuit includes a delay mechanis:a and the roentgen 
timer (Fig. 2). The delay mechanism is equipped with @ three-point switch which 
is so arranged that, in the systolic position, a predetermined delay, usually 0.20 
second, is introduced between the flashover and the closing of the roentgen contactor. 
In the diastolic position, the delay device is out of the cireuit, and the flashover 


of the thyratron tube causes the immediate activation of the roentgen circuit. In 
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the third position, two roentgen exposures are made, one directly actuated by the 
flashover, and the other at a predetermined time (0.20 second) thereafter. 

It is thus possible to make exposures either in systole or in diastole, or, if desired, 
to make two exposures on one film to show the difference in the cardiac shadow dur- 
ing the two phases. 

In some cases the R wave does not extend above the T wave in any lead. For 
this reason, the amplifier is so arranged that the rapid R deflections are amplified 
to a much greater degree than the slower waves of the electrocardiogram., There- 
fore, the potential variations reaching the thyratron grid are not a true magnifica- 
tion of the electrocardiogram, but rather a distorted representation in which the 
important R waves are highly magnified and the undesirable P and T waves are 


relatively suppressed, The time of the R wave is, however, unchanged, 


FLASHOVER VOLTAGE 


ud 
| | 
= | 
/ | 
| ‘a TIME, OF 
FLASHOVER 


OF CLOSING 
| CONTROL CIRCUIT: 


TIME 
Fig. 2.—The course of the potential variation of the grid of the thyratron tube during 
the period just preceding the roentgen exposure, 


Fig. 3.—An electrocardiogram taken on a patient simultaneously with a cardio- 
cairogram. A break in the electrocardiographic tracing is noticed at X, which cor- 
responds to an R wave, showing that the cardiocairograph, when used without the 
delay device, actually makes the roentgen exposure at the time of the R wave. 


For the satisfactory operation of this apparatus, the timing device of the x-ray 
machine and its associated mechanism must have an extremely rapid response. 
Ordinary timers are unsatisfactory because their latent periods vary from one- 


thirtieth to one-quarter of a second. 
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To prove that the cardiocairograph accomplishes the purpose for which it was 
designed, an electrocardiogram was made with a string galvanometer on a subject 
who was simultaneously connected with the cardiocairograph (Fig. 3). The point 
marked X indicates the time at which high tension was applied to the roentgen 
tube, since at that moment the string of the galvanometer was thrown off the field 
by the induced voltage from the roentgen tube leads. It is to be noted that the 
roentgen exposure took place before the downstroke of the R wave. 

By utilizing a cathode-ray oscillograph with a lag screen, a fluorescent image 
of the electrocardiogram may be produced, upon which the point of roentgen exposure 
is clearly indicated. For this purpose, one pair (vertical) of deflecting plates is 
connected to the amplifier output, and the other is connected to a slow-sweep circuit 


which moves the beam across the screen at a speed of about 1 inch per second. 


A. B. 


Fig. 4.—Cardiocairographic exposure of the thorax to demonstrate exact reduplica- 
tion of the cardiac contour. An interval elapsed between the exposures, and the slight 
variation in the respiratory phase has slightly varied the relative position of the 
pulmonic markings. 

To prove that the moments selected for the exposure are really diastolic and 
systolic, respectively, checks were made on a number of subjects, using the kymogram 
as a control. The cardiocairograph was arranged to initiate the kymographic ex 
posure during maximum diastole in one series, and, in another series, to begin thie 
exposure during maximum systole. Fig. 54 shows a kymographic exposure during 
maximum diastole. It will be noted that along the ventricular border the beginning 
of each band is actually at the point of maximum diastole. In Fig. 56 the 
kymographie exposure was made during maximum systole. 

The method here described for making kymographie exposures at a definite phase 
of the cardiac eycle, as determined by the action current phenomenon, may be 
utilized with kymography. In these cairokymograms, as such films may be called, 
the wave motion begins at the same definite point in the cardiac cycle in the bands 
of different films. 

In studying kymograms in the past, it has always been necessary to correlate the 


beginning of ventricular systole with the beginning of the outthrust of the vascular 
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wave, and the end of ventricular systole with the sound notch of the vascular wave. 
In kymograms in which these waves or notches are not well defined, the cairokymo- 
gram would facilitate orientation. 
APPLICATION 

The application of this method of making roentgenographie exposures 
of the chest is twofold: (1) It is of value in the establishment of normal 
standards for the cardiae shadow, and (2) in the attainment of maxi- 
mum detail and sharpness in the pulmonary roentgenogram. 

1. It is high time that roentgenograms of the heart were made, and 
designated as being made, either during ventricular systole or ven- 
tricular diastole. This is important, first, because it is necessary to 
know the normal contour of the cardiac shadow, and, second, because 
we must have standards for mensuration. Inasmuch as mensuration of 
the eardiae shadow as a diagnostic method will continue to be used, 
and since standard tables of cardiac measurements will be constructed 
and reconstructed, it is important that we know whether the cardiac 
shadow which is measured is that during systole, or diastole, or both. 
Kymographie examinations have shown that there may be a difference 
of from 1 to 2 em. in the transverse or lone diameter of the cardiac 
shadow, depending on whether the exposure was made during systole 
or diastole. Further, if the effects of various therapeutic measures are 
to be judged by the variations in eardiae size before and after treat- 
ment, it is obvious that the roentgenograms should be made during the 


same phase of the cardiac cycle. 


A. B. 


Fig. 5. A, The kymographic exposure was initiated by the 
cardiocairograph during diastole (no delay device). Note that in each ventricular 
band the record starts in the maximum diastolic position of the ventricle, and, in the 
vascular bands, before ejection from the ventricles, B, The kymogram was initiated by 
the cardiocairograph during systole (with delay device). Note that in each ventricular 
band the record starts in the trough of the wave, or when systole is at its maximum, 
and, in the vascular bands, the record begins at the time of closure of the semilunar 
valves and the end of ejection. 


Cairokymograms. 


Kies. 64 and 6B are cardiocairograms which were taken in quick 
succession, while respiration was suspended, but during opposite phases 
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of the eardiae eyele. There is a definite difference in the shape and 
size of the cardiae shadow. 

Cardioeairography demonstrates the fallacy of the belief that a long 
exposure, lasting through several cardiac cycles, gives a shadow which 
represents the maximum diastolic size of the heart. The reasoning on 
which this conclusion was based is faulty, for the border of the heart 
in long exposures will naturally be the border bounding the unexposed 
region. This border is obviously that of the heart at the moment of 
maximum systole. Since, however, in long exposures there is no sharp 
border at all, an apparent border is visualized which lies somewhere 
between that of systole and that of diastole. Usually, this apparent 
border is quite different from the diastolic border. This is shown by 
Figs. 7A and 7B. Fig. 7A is a roentgenogram of the heart of a voung 
adult, in diastole, taken with the cardioeairograph (1/30 second), and 
Kig. 7B is another of the same heart, taken immediately after, with 
a one-second exposure, during the same respiratory phase. The shadows 
differ both in shape and size; that obtained by the long exposure cer- 
tainly does not represent the diastolie size of the heart. 


Fig. 6.—Cardiocairograms taken during opposite phases of cardiac action. 
B, diastole. The change in the cardiac contour is apparent. 


A, Systole ; 


For a comparison of cardiac contour, from time to time, in the same 
person, a standardized method for making the exposures always in 
diastole is obviously desirable. The one difficulty in obtaining perfect 
reduplication of the roentgenogram in every absolute and relative de- 
tail is that of maintaining the same respiratory phase during the ex- 
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posure. The error arising from this source may be minimized by im- 
mobilization of the diaphragm during very quiet respiration, preferably 
in inspiration. 

2. The maximum degree of sharpness and detail of the pulmonie mark- 
ings has been attained through the use of long focal distances, fine 
focal points, and rapid exposures. No further improvement is likely 
to be obtained, except through some method such as cardiocairography, 
whereby it becomes possible to make the exposure at the instant that 
the vascular structures are relatively at rest, namely, in ventricular 
diastole. 

It has long been recognized that, in roentgenology of the chest, move- 
ment of the patient, or movement within his chest, is the most important 
single factor influencing definition and sharpness. The amount of 
blurring produced by movement varies with the rate of movement and 
with the duration of the exposure. If the movement of the patient ean- 
not be controlled, the remedy is to shorten the exposure, but this does 
not take care of such movements as arise from the impact of the pul- 
sating heart against the lungs and the pulsation of the vessels. The 
motion varies in relation to the eardiae cycle, and also in different por- 
tions of the lungs, depending upon the proximity of the vessels to the 
heart. Although at the periphery, in certain parts of the lung, the 
movement may be minimal, it may be as rapid as 20 mm. per second 


A 


Fig. 7.—A, Cardiocairogram, during diastole. B, Simple roentgenogram of the same 
chest taken immediately afterward, with an exposure of one second. Note the differ- 
ence in the size of the cardiac shadow. It is apparent that the long exposure does 
not show the shadow of the heart as it is in diastole. These records also demonstrate 
the improvement in definition and detail which comes with short exposure. All of the 
relative blurring with the long exposure is caused by vascular movement (Bouwers,° 
Wilsey*). The kilovoltage and distance for the two exposures were exactly the same. 
The time and milliamperage were naturally varied, That the subject did not move is 
evident from the sharpness of detail of ribs and diaphragm in both roentgenograms, 
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near the eardiae apex. In addition, the extent of the movement varies 
in different persons, and in the same person from time to time. 

The movement of the pulmonary structures is at a minimum at that 
instant when the ventricles are almost at the end of the diastolic phase. 
This, therefore, is the ideal time for roentgen exposure of the lung. 
Such directed exposures, in contrast to fortuitous or undirected ex- 
posures, are therefore eminently desirable if we wish to obtain the 
maximum degree of sharpness of detail of the pulmonic structures. 

It is only by means of a practical, technical device which makes the 
exposure when the effects of cardiac activity, as reflected in the move- 
ment of pulmonary structures, are at a minimum, that the maximum 
sharpness can be obtained. It cannot be fully attained by merely 
shortening the exposures. Thus, blurring of the cardiac margin and 
of other details may appear in exposures as short as 1/30, or even 1/60, 
second, if the exposure is made when the heart is in systole, and, with 
a normal pulse rate, almost half of the eycle is taken up with auricular 
and ventricular systole. The movement of the pulmonary markings 
and hilar shadows is caused by: (1) the pulse wave within the pul- 
monary arterial tree, which, traveling as it does at about 6 M. a second 
in the smaller vessels, straightens out the curves of elastic branching 
arteries, which are suspended in the elastic lung substance; (2) a slight 
and rapid vibration of the parenchyma in the neighborhood of the ves- 
sels; and (3) the actual vibration resulting from the impact of the 
heart against the lung. 

This blurring, which is caused by the systolic discharge, is naturally 
most strikingly apparent in the shadows of structures adjacent to the 
heart. On the other hand, a longer exposure, of 1/10 or 1/20 seeond, 
if made during diastole, shows the arterial main stem shadow and its 
branches, crossed by a few venous and bronchial trunks, in sharp defini- 
tion. The contrast between two exposures of the same chest, one made 
during systole and the other during diastole, demonstrates beyond doubt 
that the direct thrust of the heart on the lung and the displacement 
caused by changing pressures in the curved, elastic, large vessels play 
an important part in producing lack of sharpness. The distribution of 
branches in all directions tends to limit the displacement which occurs 
in many planes, depending upon the direction of curve of the individual 
branch. All this has a material effect upon detail. 

The practical value of pulmonary cairography is that, because it 
gives sharpest recording of pulmonary markings, slight differences in 
general or local prominence are distinguishable, and early and slight 
infiltrative changes are discernible. Only by this method can a sharp, 
clear, and definite hilar shadow, with the details of the various struc- 
tures which compose it, be obtained. The blurred hilar shadow caused 
by movement has been continually misinterpreted, for no other part 
of the pulmonic field is so easily affected by artifacts and extraneous 
shadows, and nowhere are sharpness and detail so important. 
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The cardiocairographie exposures refine stereoscopic roentgenography. 
In the ordinary stereoscopic examination the two exposures are for- 
tuitously made. The individual roentgenograms show a definite differ- 
ence in the size, shape, and direction of the markings and the hilar 
shadow. Of course, such roentgenograms fuse in the stereoscope, but 
there is no true accuracy in this fusing. In fact there cannot be, be- 
cause the roentgenograms are made at different phases of the cardiac 
eyele. In actual practice it is unusual even for one roentgenogram of 
a stereoscopic pair to have been made during ventricular diastole. 
Usually, both show blurring, and, although this blurring is somewhat 
lessened by the stereoscope, the best stereoscopic results are not thus 
to be obtained; the blurring which is not diminished by the stereoscopic 
fusing may be regarded as indicating changes in the walls of the bronchi 
or interstitial tissue, when it is actually an artifact. Pairs of roentgeno- 
grams which are synchronized, however, and are made during the same 
phase of the cardiae cycle, particularly in late diastole, when the cardiac 
movement is at a minimum, give perfect fusion and astonishing clarity 
and richness of detail, not only in the pulmonary markings, but also 
in the hilar shadow, which shows clearly and legibly the rich detail of 
its complex structure. 

McPhedran and Weyl,‘ Bouwers,’ Bergk and Chantraine,? Wilsey,® 
Warren,’ and MeCoy*® have discussed the degree of improvement in 
detail in the lung roentgenogram which is to be expected from syn- 
chronization of the exposure with ecardiae diastole. 


SUMMARY 


Cardiocairography is a method by means of which roentgenographic 
examination of the heart can be made at a particular phase of its 
eyele. The apparatus designed by Schwarzschild for making such ex- 
posures of the thorax (the cardiocairograph) synchronizes the roentgen 
exposure with the action currents of the heart. These currents are 
taken through the standard leads of the electrocardiograph. Since the 
peak of the R wave is attained 0.08 second before the actual beginning 
of eardiae contraction, a roentgenographie exposure of the thorax at 
this instant will reveal the shape of the heart and the character of the 
lung fields during diastole. 

Inasmuch as the time of occurrence of maximum systole is relatively 
constant, namely, about 0.20 second after the peak of the R wave, and 
is relatively independent of the pulse rate, and since the diastolie inter- 
val is that part of the cycle which varies most with the pulse rate, it 
becomes possible, by introducing into the cireuit a delay mechanism, to 
obtain an exposure at the instant of maximum systole. Thus, roentgeno- 
grams of the chest may be obtained either when the heart is in maximum 


diastole or in systole. 


204 THE AMERICAN HEART JOURNAL 


The advantages and disadvantages of each type of exposure are dis- 
cussed. The importance of establishing standards for the ecardiae shadow, 
both during systole and diastole, is discussed. 

In roentgenology of the chest, the motion of the pulmonary structures 
is the most important single factor influencing definition and sharpness 
of the images. The amount of blurring produced by movement varies 
with the rate of movement and with the duration of the exposure. 
Shortening of the exposure, even to 44, second, does not eliminate move- 
ments which arise from the impact of the pulsating heart against the 
lungs and the pulsations of the- vessels. This motion varies in relation 
to the cardiae cycle and in different portions of the lungs, depending 
upon the proximity of the vessels to the heart. Whereas at the pe- 
riphery, in certain parts of the lung, the movement may be minimal, it 
may be very marked in the basal portions of the lungs. The movement 
of the pulmonary structures is at a minimum at the instant when the 
ventricles are almost at the end of the diastolic phase. This, therefore, 
is the ideal time for roentgen exposure of the lung. Further, in stereo- 
scopic examinations of the chest, perfect visual fusion is obtained only 
if the two roentgen images of the lungs are made at exactly the same 
phase of the cardiae eyele. This method gives a true stereoscopic pair 
of roentgenograms which possess maximum sharpness and detail. 

Cardiocairography may also be used to obtain kymograms in which 
the time scale begins at any predetermined phase of the cardiac eyele; 
this type of roentgenogram has been named the cairokymogram. 

Further, cardiocairography provides a simple method for combined 
electrocardiographie and kymographie examination; it is free from 
many difficulties because there is no shielding problem in this procedure. 
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THE EFFECT OF AMINOPHYLLIN ON PERIPHERAL 
BLOOD FLOW 


Haroup J. Stewart, M.D., Netson B. Jack, M.D. 
New York, N. Y. 


MINOPHYLLIN (theophyllin-ethylenediamine) has been used elin- 
ically for the relief of cardiae pain, bronchial asthma,’ acute pul- 
monary edema, paroxysmal dyspnea, Cheyne-Stokes respiration, inter- 
mittent claudication, and as a diuretic. It has been accepted by the 
Council on Pharmacy and Chemistry” * of the American Medical Asso- 
ciation as a diuretic and eardiae stimulant; the Council was of the 
opinion that adequate data to indicate that it has an effect on coronary 
flow were lacking. There is certain evidence that it increases coronary 
flow in the experimental animal,* * * 7 but this has not been confirmed 
by all observers... Many who have reported on its use for eardiac 
pain have attributed some effect to it,? 71 ?% but others (Evans and 
Hoyle,'* and Gold, Kwit, and Otto'™), from a statistical analysis, were 
of the opinion that it had no specifie beneficial effect on cardiae pain 
that could not be secured with a placebo. The opinion accepted by the 
Council is that the xanthines, as a group, exert no specifie action on 
coronary blood flow which is useful in the relief of cardiac pain. On 
the other hand, Levy, et al.,'° have recently reported observations which 
indieate that aminophyllin is effeetive in delaying the onset of angina 
of effort, presumably by increasing the coronary flow. 

With respect to the effect of xanthines on peripheral vessels, Newell 
and Allen’® found that fifteen patients with peripheral vascular disease 
showed an average rise of 1.8° C. in loeal skin temperature which lasted 
two hours after the administration of one of the xanthines (theobro- 
mine with sodium salicylate). Seuphan'™ obtained somewhat similar 
results with theobromine sodium acetate. More recently, however, Me- 
Govern, MeDevitt, and Wright'® have found that theobromine sodium 
salicylate, when given by mouth, was without benefit in the treatment 
of peripheral vascular disease. Thermocouples were used by these 
authors for the measurement of skin temperatures. 

Starr, Gamble, Margolies, Donal, Joseph, and Eagle’? gave amino- 
phyllin (0.48 Gm.) intramuscularly to several patients and found that 
it had little or no effeet on pulse and respiratory rates or on blood 
pressure, but that it greatly increased respiratory volume, cardiac out- 
put, and eardiae work. No electrocardiographie changes were observed. 
The basal metabolic rate was measured before, and from twenty to 
forty minutes following, the intramuscular injection of the drug; al- 
though there was, in most instanees, a slight increase in metabolism, 
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they did not consider it great enough to be of statistical significance. 
They concluded that aminophyllin was a powerful cardiae stimulant, 
but that its effect was underestimated because the estimate was usually 
based on changes in pulse rate, respiratory rate, and blood pressure. 

Measurements and caleulations of the thermal conductance of tissues 
were first made by Lefévre, in 1911.2° Burton,?" *? in 1934, used a 
‘thermal circulation index’’ based on changes in internal and external 
body temperature and conductance of superficial tissues. Winslow, 
Herrington, and Gagge,?* ** in 1937, estimated the thermal conductance 
of superficial tissues, measured peripheral circulation from changes in 
conductanee, and ecaleulated the depth of the thermal gradient of the 
body. These studies have been continued and amplified by Hardy and 
Du Bois,2> who used a ealorimeter of their own construction. Hick, 
Keeton, Glickman, and Wall*®® have utilized these same principles for 
caleulating an index to peripheral circulation in order to study changes 
caused by varying environmental conditions. 

A method has recently been developed by Hardy and Soderstrom?’ 
for establishing an index of peripheral blood flow and estimating changes 
in peripheral blood flow. This method has been used by Du Bois, Hardy, 
and Soderstrom at the Russell Sage Institute of Pathology in conjune- 
tion with their calorimeter. We have modified their technique in such 
a way that average skin temperature, rectal temperature, and metabolic 
rate may be used to measure the effect of aminophyllin (theophyllin- 
ethylenediamine), when given intravenously, on the general peripheral 
cireulation. 

CALCULATIONS 

When a subject is lying nude, in the basal state, with the environmental tempera- 
ture below 28° C., it has been found that the skin is almost bloodless and is function- 
ing like a dead insulator. As an insulator, the skin is known to be slightly more 
efficient than cork, which has a high thermal insulating quality.2°,27 Hardy and 
Soderstrom27 have found that the average conductance value for the nude and 
bloodless skin is in the neighborhood of 9.1 kilocals/C°/M2/hr. for men, and about 
6.5 for women. 

These values remain constant in environmental temperatures below 28° C.  <As 
blood flow to the skin increases, more heat is brought from the deeper tissues to the 
surface, so that the thermal conductance of the superficial tissues is increased. It 
is this change in thermal conductance that becomes an index to the peripheral cir- 
culation. 

Hardy and Soderstrom27 have devised the following formula for measuring 
peripheral blood flow: 

(65) 
= — Ts 


in which, 


F — peripheral conductance above the minimal value 
17 — factor for converting cal/C°/M2/hr. into ¢.c./min. 
HI — heat loss 
Tr — mean rectal temperature 
Ts = mean weighted skin temperature 
9.1 — (kiloecal/C°/M2/hr.) thermal conductivity of superficial 


tissue with minimum blood flow for males [6.5 for females) 
surface area 
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F represents the heat which is carried to the surface by the blood stream in excess 
of the heat conducted by the tissues, and the value of F can be taken as a positive 
index of the volume of blood circulating near the skin surface. If the blood is 
assumed to start into the periphery at rectal temperature, and finally reaches the 
skin at skin temperature, F will represent this flow in cubic centimeters per minute, 
and, in this sense, F is a hypothetical quantity. This in no way detracts from its 
usefulness as a measure of the general vasomotor response. 

In order to use this formula (I) in our observations, it was necessary to compute 
the heat loss (Hl) from the sum of the heat produced (Hp) and the heat storage 
(Hs), HI — Hp + Hs (II). The heat produced (Hp) was ascertained by measur- 
ing the oxygen consumption, and the heat storage (Hs) was ealeulated from the fol- 
lowing formula: 

Hs = W x 0.8 (A Tr x 0.8 + A Ts x 0.2) III 


in which, 


Hs — heat storage 

W = body weight in kilograms 

0.8 = average specific heat of body tissues 
A Tr = change in rectal temperature 

Ts = change in skin temperature 


In this equation (A Tr 0.8 + A Ts x 0.2) represents the change in average 


body temperature. Hardy, Du Bois, and Soderstrom28 have found by direct 
calorimetry that weighting the rectal temperature 80 per cent and the skin tempera- 
ture 20 per cent gives the closest approximation of the average body temperature. 
Burton29 used a different method and arrived at values of 65 and 35 per cent, 
respectively. Both agree that the use of surface temperatures leads to greater 
average body temperature, and that the surface tempera- 
ture is the more important, although the rectal temperature has the larger coefficient, 
on the average. Hardy, Du Bois, and Soderstrom2s have pointed out that about 0.2 
of the body mass is within 1 em. of the skin surface. Weighting the skin tempera- 
ture 20 per cent, therefore, is justified by evidence from several independent sources. 


accuracy in calculating the 


The average temperature gradient of the body has been found by Hardy, Du Bois, 
and Soderstrom2s8 to extend, on the average, 2.0 em. below the surface. According 
to Winslow, Herrington, and Gagge,2% the distance is 2.2 em. In our studies, the 
values obtained by Hardy, Du Bois, and Soderstrom for weighting average body 
temperature and for the temperature gradient have been used. 

After calculating the heat stored (III) and adding it to the heat produced 
(oxygen consumption), to obtain the heat lost (II), the result is substituted in the 
first equation, (I), in order to estimate the peripheral blood flow, that is to say, the 
blood flow in the peripheral tissues of the body to an average depth of 2.0 em. below 
In persons with more than the average 


the surface, calculated in e.c. per minute. 
for 


amount of subcutaneous fat, the normal, average, thermal conductivity of 9.1 

males is too high, and would indicate that the blood flow is less than zero; if the 

Hp + Hs , 

lowest result derived from TT — Ts 8 less than 9.1, its value, instead of 9.1, is 
— Ts 

If the result is less than zero when the female average thermal 


used in the formula. 
It has al- 


conductivity factor, 6.5, is used, the same procedure should be followed. 
ready been stated that ‘* F’’ represents the peripheral blood flow in cubie centimeters 


per minute. This value is divided by the body surface area in order to convert it to 


¢.c./M2/min. 

In obtaining the average body-skin temperature, the radiometer readings, in de- 
grees centigrade, from eleven points on the anterior surface of the body have been 
weighted according to the area of the body they represent, as described by Hardy, 
Du Bois, and Soderstrom28 (Fig. 1). 
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METHODS 


With this apparatus it is 


The ‘‘radiometer’’ described by Hardy3° was used. 
Since, from the 


possible to measure heat radiation from a uniform area of skin. 
standpoint of radiation, the skin reacts as a ‘‘ perfect black-body,’’31 the radiometer 
is calibrated to read skin temperatures directly, in degrees centigrade. This is now 
available for measuring skin temperatures.32 


accepted as the most accurate method 
more in those parts of the body which are 


Subjects lying flat in bed perspire 
in contact with the mattress, and this 
these regions. We were unable to circumvent 
earried out in the Russell Sage calorimeter, in which subjects lie on a bed made 


We 


causes a change in the skin temperatures in 
this, as was done in observations 


of fishing line, thereby eliminating this factor, as well as that of conduction. 
recorded measurements of skin temperature from eleven places on the anterior sur- 


face, only, of the naked body; the body was covered with a sheet. 


ON DORSUM 


Fig. 1.—This figure shows the locations of individual areas over the body surface 
skin surface for 


where skin temperatures were mexsured, and the division of the 
weighting. 

Average skin temperature (T: 0.07 + Te 0.14 + Ts x 0.05 + Ta x 0.07 + Ts 

0.13 + Te x 0.19 + Tz x 0.35), in which, 

Ti head temperature; 0.07 weighting for head surface 

Te arm temperature; 0.14 weighting for arm surface 

Ts hand temperature; 0.05 weighting for hand surface 

T; foot temperature ; 0.07 weighting for foot surface 

Ts leg temperature; 0.13 weighting for leg surface 

T: thigh temperature; 0.19 weighting for thigh surface 

T: trunk temperature: 0.35 weighting for trunk surface 
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The rectal thermometer consists of a single-junction thermocouple, as devised by 
Hardy and Soderstrom,33 with the silver rectal junction inserted 5 to 10 cm. into the 
rectum, and the other junction immersed in water which is kept within two degrees 
of body temperature, in a pint thermos bottle. This thermometer is so connected 
that readings can be made from the galyanometer on the radiometer, which has been 
calibrated to give direct readings. The thermometer remained in place throughout 
the duration of each set of observations. 

Oxygen consumption was measured with a Benedict-Roth metabolism apparatus. 
Surface area tables, utilizing the formula of Du Bois and Du Bois,34 were employed 
in the calculations. 

Observations were made in a room in which it was possible to maintain the 
temperature constantly within a range of one degree centigrade. The room was 
small, with only one window and one door. A metal screen was placed before the 
window, in order to keep heat loss from convection to a minimum. By persistent 
attention to door and window, it was possible to keep the variation in room tempera- 
ture down to one degree centigrade. Since Du Bois?5 and Hardy and Soderstrom? 
have shown that, in environmental temperatures below 28° C., the conductance value 
of the skin of nude subjects does not change, and that vaporization below 30° C. 
also changes very little, we maintained the temperature of the room in which our 
studies were made below 27° C. during our observations, in order to keep these 
factors as nearly constant as possible. Inasmuch as most of the observations were 
earried out during the winter months, and the room was heated by a steam radiator, 
the room humidity, although not measured, was necessarily low. 

Blood pressures were measured with a mercury sphygmomanometer. 

The patients were accustomed to hospital routine, but had not been trained for 
these procedures. Emotion may have a marked effect upon the circulation in the 
hands, causing large and rapid changes in skin temperature (Wolff and Mittel- 
mann’6), The effect of emotion on the average skin temperature is, however, not 
known. It is possible that changes in the temperature of the hands caused by emo- 
tion may be compensated for by changes in skin temperatures elsewhere in the body. 

Emotional factors were eliminated as far as possible by maintaining a pleasant 
rapport with the patients, by explaining the procedure to those who were interested, 
and by reassurance. For the most part, they cooperated well. A few patients began 
to show signs of restlessness and irritability after lying supine for two or more 
hours. The data were discarded when the subject refused to cooperate. 

The calculation of heat loss by the method we have employed does not vitiate the 
significance of these observations, for Burton, and Winslow, Herrington and Gagge, 
and Du Bois have used this calculation and compared it with actual measurements 
of heat loss obtained by direct calorimetry, and have found that it gives results 
sufficiently accurate for our purpose. 

A few observations were made by us to ascertain the effect on the skin tempera- 
tures and peripheral blood flow of taking alcohol and warm water internally; the 
changes which we observed were comparable to those found in similar studies which 
had been carried out in the calorimeter by Du Bois and Hardy. In short, both 
aleohol (25 to 50 ¢.c. of 95 per cent) and warm water (900 ¢.e. at 53° C.), when 
given by mouth, produce an increase in peripheral blood flow. That the methods 
which we utilized yielded results similar to those of Du Bois and Hardy, who em- 
ployed the calorimeter, gave us confidence that they were suitable for the purpose for 
which we wished to use them. 

Studies were made of patients from the pavilions of the hospital. Patients 
numbered I to XI, inclusive, had no evidence of cardiae disease. In these cases the 
diagnoses were sciatica (I), gonorrheal arthritis (II), gastric uleer (III), chronic 
glomerulonephritis (IV), acute glomerulonephritis (V), hyperthyroidism (VI), 
thromboangiitis obliterans (VII), diverticulitis (VIII), multiple selerosis (IX), 
gastrointestinal hemorrhage, with neurosis (X), and (postoperative) gumma of the 
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testicle (syphilis) (XI). In the cases in which there were manifestations of cardiac 
disease (XII to XX inclusive), the diagnoses were vena caval obstruction (XII), 
rheumatic heart disease (XIII), chronic constrictive pericarditis (XIV), rheumatic 
heart disease (XV), acute rheumatic carditis (XVI), cardiovascular-renal disease 
(XVII), chronic constrictive pericarditis (XVIII), old coronary occlusion (XIX), 
and aneurysm of the aorta (XX). The observations which were made on each 
patient are shown in Table I. Studies which were made when cardiac patients had 
congestive heart failure are indicated by ‘‘decompensated’’ after the number of 
the patient. Those cardiac patients (XII through XX) without this qualification 


had no congestive failure. 


PLAN OF OBSERVATIONS 


Observations were made before and after the injection of aminophyllin* in 
travenously. When the study was first inaugurated, 0.24 Gm. of the drug was given, 
but when it was found that this amount was usually without effect, we increased the 
dose to 0.48 Gm. In order to be certain that the effects which we observed were 
not to be attributed to venepuncture and injecting fluid, per se, in several cases 
we observed the effect on blood flow of injecting 20 ¢.c. of physiologie salt solu- 
tion. The procedure was identical, except that saline was injected instead of 
aminophyllin. Those subjects whose peripheral blood flow was unaffected by the 
smaller amount of aminophyllin (0.24 Gm.) also served as controls. 

All observations were made with the patients in a basal metabolic state. Each 
subject lay quietly in bed, naked, covered with a sheet, for an hour, in order to allow 
for adjustment of the peripheral circulation to environmental conditions. The 
oxygen consumption was then measured, after which the first series of skin tempera 
tures, the room temperature, the rectal temperature, and the blood pressure were 
recorded in sequence. Three sets of readings were made at intervals of fifteen to 
twenty minutes, from which it was possible to caleulate peripheral blood flow for 
two preliminary periods; this served as a base line. Immediately after the third 
series of readings, the patient was given an intravenous injection, after which an 
other series of readings of temperatures was recorded as rapidly as possible, followed 
by measurement of the oxygen consumption. Data were collected at intervals of 
fifteen to thirty minutes during the next one to two hours, in order to observe 
the duration of the action of the drug. 

The results of thirty-four observations on twenty patients were analyzed (Table 
I). In five instances, 20 ¢.c. of physiologic saline were injected intravenously; in 


four, 0.24 Gm. of aminophyllin, and, in the remaining 25, 0.48 Gm. of aminophyllin. 
RESULTS 

The effect of 0.48 Gm. of aminophyllin was recorded in twenty-five 
instances (Table I). In twenty of these, the peripheral blood flow dur- 
ing the second 15-minute preliminary period before the injection was 
either the same, or less, than it was during the first 15-minute period. 
In the other 5, a slight increase occurred during the second preinjection 
period. From our data it appears that changes of less than 35 e.e. 
M?/min. are not significant. This criterion has been used in analyzing 
our resuits. 

On eighteen occasions, there was an immediate increase in peripheral 
blood flow (Table I) (Fig. 2), amounting to 40 to 195 e.c./M?/min., 
after the injection of 0.48 Gm. of aminophyllin. On four oceasions, 


*We wish to thank the H. EK. Dubin Laboratories for supplying us with the amino- 
phyllin used in these studies. 


STEWART AND JACK: AMINOPHYLLIN AND PERIPHERAL BLOOD FLOW 211 


little or no effect was observed (Fig. 3), and, on three others (Table 
1), there was an immediate decrease, or no significant change, in periph- 
eral blood flow, followed, in the next period, by an increase above the 
control level amounting to from 52 to 83 e.c./M?/min. (Fig. 4). We 
have ealled this a ‘‘delayed’’ response. In seventeen instances, an in- 
crease in peripheral flow was followed by decrease in the next period. 
In certain cases the decrease was gradual; in others, there was a pre- 
cipitous fall to, or below, the preinjection level of blood flow. In four 
instances, however, the increase in blood flow persisted for thirty min- 
utes. The individual variations in response are shown in a frequency 
diagram (Fig. 5). 

No significant change in peripheral blood flow occurred in the five 
instances in which physiologic saline was injected (Table I) (Fig. 6). 
In three cases, in which 0.24 Gm. of aminophyllin was injected slowly, 
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Fig. 2.—In this diagram are plotted the results of two series of observations (pa- 
tients XV and V, respectively), illustrating the most frequent response of the periph- 
eral blood flow to the intravenous injection of 0.48 Gm. aminophyllin, namely, an 
increase. The peripheral blood flow has been calculated in c.c./M*/min, for each 
period between consecutive observations of skin and rectal temperatures, and is 
plotted as a short horizontal line representing the average peripheral blood flow for 
each period. In this and the following similar diagrams, showing the effect of amino- 
phyllin, the following observations are emphasized: the very slight changes in rectal 
temperature, the greater variability of average skin temperature and the fall in aver- 
age skin temperature when an increase in peripheral blood flow occurs, and marked 
variability in the temperatures of the hands and feet. 
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TABLE | 


oF TWENTY PATIENTS 


EFFECT ON PERIPHERAL BLOOD FLOW—NUMBER OF OBSERVATIONS | popaL 
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Fig. 4.—In this diagram are plotted the data from one representative series of ob- 
servations (XIV) in which the response to 0.48 Gm. of aminophyllin was delayed. 
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Fig. 5.—In this figure are plotted, in a frequency diagram, the responses .of the 
peripheral circulation to the intravenous injection of aminophyllin, in doses of 0.48 
Gm., on twenty-five occasions. The observations are divided according to whether 
the response was immediate, delayed, or ‘‘none,’”’ and according to the amount of 
increase in peripheral blood flow. The marked variability in the response of individ- 
ual patients is shown. The apparent overlapping in the 30-40 c.c./M*/min. increase 
in peripheral circulation range in this diagram is the result of having chosen an in- 
crease of 35 c.c./M*/min. as the minimum significant response. 
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there was no significant effect on peripheral blood flow; in one (X), 
however, there was a rise of 102 ¢.c./M?/min., which compares favor- 
ably with that which occurred when the larger amount was given 
(Table 1). This patient suffered from a severe anxiety neurosis, and 
was greatly frightened by the venepuncture; since this was the only 
instance in which the skin temperature rose after the injection of 
(0.24 Gm. of the drug, we were of the opinion that the increase in periph- 
eral blood flow was of psychic origin. Those patients who received the 
smaller dose of aminophyllin, which produced no changes in the cireu- 
lation (I, II, XVI), supplement the controls who were given physiologic 
saline. 
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Fig. 6.—In this diagram are plotted the data in Case XVII, in which physiologic 
saline was given intravenously instead of aminophyllin. No significant change in 
peripheral blood flow occurred. 

The basal metabolic rate twenty, or more, minutes after the injection 
of the drug was about the same as before the injection, except in two 
cases, in which a marked rise in heat production occurred. It was not 
possible to measure the oxygen consumption sooner, because of the de- 
sirability of recording the skin temperatures first. If aminophyllin ex- 
erted a transient effect on oxygen consumption, it was not detected in 


these studies. In order to secure data on this point, the basal metabolic 
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‘ates of five patients were measured before, and immediately after, the 
intravenous injection of 0.48 Gm. of aminophyllin. In two instances, 
no change in basal metabolie rate occurred, in one, it inereased 4 per 
cent, and, in two, it rose 9 per cent immediately after the drug was in- 
jected. In short, the change in blood flow which we have observed 
is not to be attributed to a rise in basal metabolie rate. 

In eight cases (IV, V, VIII, XII, XIII, XIV, XV, XVIII), the 
effect of aminophyllin on blood flow was studied a second time (Table 
I); in seven of these, the response was the same on both occasions, 
namely, an inerease. In the case of one patient (XVIII), vasodilata- 
tion resulted on one occasion, and vasoconstriction on the other. No 
explanation could be found for these differing responses in this last ease. 

Because of obvious technical difficulties, it was not possible for us 
to measure peripheral blood flow and cardiae output simultaneously. 
In one ease, however, the cardiae output was measured by the Groll- 
man technique*” ** before and after the injection of 0.48 Gm. of amino- 
phyllin intravenously. The eardiae output, which had been 3.63 L./min. 
immediately before the drug was given, inereased to 4.68 L./min. five 
minutes after injection, a rise of 30 per cent (Table IT), without change 
in pulse rate. On the day preceding the measurements of cardiac output, 
as well as on the following day, injection of the drug resulted in an 
increase in peripheral blood flow of 50 ¢.e./M?/min. 


DISCUSSION 


Analysis of the preliminary periods, before aminophyllin was given, 
showed that, at the prevailing temperature, the peripheral circulatory 
mechanism was still adjusting itself to the constant environmental 
temperature. An environmental temperature below 28° C. should cause 
the peripheral circulation to decrease to a minimum. This did not 
occur in these studies, for at all times the subjects were covered by ¢ 
sheet, and skin temperature measurements were made under the sheet. 
To attain the minimum peripheral blood flow, it was necessary to pro- 
vide an environmental temperature somewhat lower than 28° C. The 
environmental temperature was kept constant within a range of one 
degree centigrade during the duration of each experiment, and always 
below 27° C., but the range for the observations on different days was 
23° C. to 27° C. Sinee we were unable to duplicate environmental con- 
ditions exaetly, from day to day, correlations could not be made be- 
tween environmental temperature and basal peripheral blood flow. 

When a sufficient amount of aminophyllin (0.48 Gm.) was given in- 
travenously, an inerease in peripheral blood flow occurred in most in- 
stances (Table I) (Fig. 2). The effect was of short duration, except 
on four oceasions. The magnitude of the inerease in peripheral flow 
showed large variations from patient to patient (Fig. 5). In four in- 
stanees (VIII, VIII, 1X, XVIII, decompensated) (Table I), no changes 
and, in three others (XIII, XIV, XVIII, de- 


were observed (Fig. 3), 
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compensated) (Table I), an initial decrease in peripheral flow occurred, 
followed by an inerease (Fig. 4). Such variations in type and degree 
of response are to be expected in any study of the effects of a drug on 
such a complex organism as man. These studies show that aminophyllin, 
when given rapidly, in doses of 0.48 Gm., intravenously, usually causes 
an increase in peripheral blood flow. 

These twenty-five experiments were analyzed with respect to whether 
or not the patient suffered from cardiae disease. Eight experiments 
(XII, XIII, XIII, XIV, XIV, XV, XVI, XVII) were done on six 
sardiae patients who did not have congestive heart failure (Table I), 
and five experiments (VIII, VIII, XII, XII, XV) on three patients 
who had congestive heart failure (Table 1). Twelve sets of observations 
(I, II, 11, 1V, 1V, V, V, VI, VII, VIII, VIII, [X) were made on nine 
patients who showed no evidence of cardiac disease (Table I). From 
an analysis of the frequency diagram (Fig. 7), it is apparent that 
responses to aminophyllin vary from patient to patient, and that the 
peripheral circulatory response to aminophyllin is not dependent upon 
the presence or absence of cardiae disease. Moreover, there was no 
difference in its effect when heart failure was present and after recovery 
from heart failure in the two eases in which it was possible to make 
this comparison (XII, XV) (Table I). 
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Fig. 7.—In this figure the data in Fig. 5 are plotted, as a frequency diagram, 
to show the effect of the functional state of the heart on the response of the peripheral 
circulation to 0.48 Gm. of aminophyllin. No correlation is apparent. 

Measurements of cardiae output before and after aminophyllin was 
given showed that the drug increased the cardiae output to a degree 
sufficient to provide for the amount required by the increase in periph- 
eral blood flow in the same patient. In Short, since aminophyllin in- 
creases the cardiac output, there is sufficient blood to provide for the 
increase in peripheral flow, without redistribution of the circulating 


blood volume. 
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The effeet of rate of injection of the drug was observed. When in- 
jected at the rate recommended by the manufacturers (five minutes 
for each 5 e.e. of solution, containing 0.24 Gm. of the drug), no un- 
pleasant reactions, except an occasional feeling of warmth or tingling 
about the face, were observed. When the drug was given rapidly, how- 
ever, the patients experienced several unpleasant reactions. These were 
sensations of warmth over the body, especially about the face and neck, 
slight to moderate generalized perspiration, tingling of the hands, blue 
vision, a rise in blood pressure, nausea, and, in one instance, a sense 
of constriction in the chest. These symptoms have been deseribed by 
Herrmann, Aynesworth, and Martin.’ In none of our patients did 
vomiting, twitching, convulsions, or coma oecur. Two of our patients 
complained of headache which lasted throughout the rest of the day. 
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Fig. S.—In this figure are plotted, as a frequency diagram, the increase in thi 
peripheral blood flow following the injection of 0.48 Gm. of aminophyllin, against the 
reaction experienced by the patient while the drug was being given. 0 no symp- 
toms; + tingling in hands and face; ++ tingling, lightheadedness and _ slight 
sweating; + +4 tingling, lightheadedness, moderate sweating, and increase in blood 
pressure; ++++ = tingling, lightheadedness, sweating, increase in blood pressure, and 

they are plotted in the same 


nausea. In A, the reactions are separated, and, in B, 
diagram, with the symbols the same as in A. It appears that the more severe the 
reaction, the greater the increase in peripheral blood flow. 

The rate of injection and the subjective and objective symptoms caused 
by rapid injection are mentioned because the production of diaphoresis 
was one of the most constant effects of the drug, and appeared to be 
more marked the more rapidly the drug was injected. Moreover, the 
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more severe the reaction, the greater the increase in peripheral blood 
flow (Fig. 8). Likewise, when there was an increase in peripheral 
blood flow after the injection of aminophyllin, it was accompanied in 
all except one case by a fall in average skin temperature. This was, 
without doubt, caused by the increased sweating. There was no signifi- 
‘ant change in rectal temperature, however. The patients whose per- 
spiration was detected by the examiner showed an average increase in 
peripheral blood flow of 89 ¢.e./M?/min., whereas those whosé perspira- 
tion could not be seen or felt showed an average increase of 36 ¢.¢./ 
M?/min. Importance is attached to this observation because increased 
circulation to the skin indicates increased heat loss from the skin, and 
this increased heat loss from the skin was accompanied by a fall in 
average skin temperature. This observation substantiates a concept 
formulated by Barr and Du Bois*® over twenty years ago, one to which 
Du Bois has called attention sinee,** *° namely, that it is possible for 
the body to lose more heat through a cool skin than through a warm 
one, 

It is known that the skin temperatures of the hands and feet are 
much more labile than those of the rest of the body. Both the palms 
and the soles were avoided because of the tendeney for perspiration 
to occur in these regions. The measurements were taken, therefore, 
over the dorsum of the fingers and over the flexor surfaves of the feet 
at the metatarsophalangeal joints. 

The skin temperatures of the hands were higher than the average 
body temperatures in twenty-three of the twenty-five experiments, 
and the changes in skin temperature of the hands roughly followed 
those in average body skin temperature, although the changes in the 
former were much more marked. Most of the hand temperatures lay 
between the average skin and rectal temperatures. When aminophyllin 
was given, the skin temperature of the hands fell, as did the average 
skin temperature of the whole body. 

The skin temperatures of the feet were far less constant than those 
of the hands. They were far below the average skin temperatures, with 
the exception of one patient who was suffering from chronie constrictive 
pericarditis and had signs of congestive heart failure. In this ease, the 
temperatures of the feet were higher than the hand temperatures. 
Moreover, the skin temperatures of the feet were more responsive to 
room temperature. If this was below 25° C., the temperature of the 
feet fell throughout the duration of the experiment, but, if it was above 
25° C., the feet temperatures were more likely to rise during the period 
of study. There appeared to be no correlation between skin tempera- 
tures of the feet and of the other areas. 

The surface temperature of the hands and feet may fluctuate widely 
as a result of emotion, changes in environmental temperature, and in- 
creased perspiration, although the average body temperature during 
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the same interval may change only slightly. This is shown in the dia- 
grams (Figs. 2, 3, 4, and 5) in which hand and foot temperatures 
have been plotted. The temperatures of the hands and feet do not 
serve as an index of the average surface temperature of the entire body. 

In two instances there was a marked increase in basal metabolic rate 
after aminophyllin had been given, but in one the rise appeared to be 
the result of lack of cooperation on the part of the patient, and in the 
other it was attributed to a eardiae irregularity. If these two eases 
are discarded, the average change in basal metabolic rate was 2.8 eal. 
hr.; there were as many increases as decreases. Supplementary observa- 
tions on the metabolic rate immediately after the administration of 
aminophyllin likewise showed no significant change. The severity of 
reaction to the drug did not appear to affect the basal metabolic rate. 
Half of the patients who had a severe reaction showed a slight rise in 
oxygen consumption, and the other half a slight fall. It appears, as 
Starr, Gamble, Margolies, Donal, Joseph, and Eagle'® have maintained, 
that the drug does not have a significant effect on basal metabolie rate. 

CONCLUSIONS 

1. The average skin temperature was utilized for measuring the 
peripheral blood tlow and changes in peripheral blood flow resulting 
from the intravenous injection of aminophyllin. 

2. In twenty-one of twenty-five cases, 0.48 Gm. of aminophyllin, when 
given intravenously, produced an increase in peripheral blood flow 
which persisted only a few minutes. 

3. Rapid injection of the drug increased this effect. 

4. The increase in peripheral blood flow was accompanied by a fall 
in skin temperature caused by sweating, and, as the skin became cooler, 
the body lost more heat. 

5. The skin temperatures of the hands and feet vary much more than 
those of other parts of the body, but do not appear to have a significant 
effect upon average body temperature. The skin temperature of the 
extremities is not an index of the average skin temperature of the 
whole body. 

6. Aminophyllin produces no significant changes in oxygen consump- 
tion. 

7. Aminophyllin, when given in doses of 0.48 Gm., intravenously, in- 
creases the eardiae output. The increased amount of blood is available 
for the augmented cireulation in the skin, without redistribution of the 
circulatory blood volume. 


We are very much indebted to Dr. James Hardy, who has freely given his 
help and guidance in the use of the method, criticism of the data, and in preparation 
of the manuscript. 
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DISSECTING ANEURYSM 


A Report oF NINETEEN Cases, WitTH A REVIEW OF THE RECENT 
AMERICAN LITERATURE 


LANG F, M.D., Austin, Texas, AND Ropert H. Baywey, M.D., 
New ORLEANS, LA. 


N AN extensive review of the world literature, published in 1933, 

Shennan’ was able to collect 300 eases of dissecting aneurysm of the 
aorta, to which he added seventeen of his own. In only six of these 
eases had an ante-mortem diagnosis been made. From that date until 
Jan. 1, 1939, eighty-two additional cases?*? have been reported in the 
American literature, in twenty-six of which the correct diagnosis was 
made. To this number we are adding nineteen authentie cases of dis- 
secting aneurysm of the aorta, taken from the records of Charity Hos- 
pital of Louisiana at New Orleans, in two of which the diagnosis was 
made ante mortem. 

MeGeachy and Paullin? have given an excellent, brief account of the 
history of our knowledge of aortie aneurysm, from which we quote: 

‘*Nicholls, in 1728, demonstrated that rupture of the inner coat of the 
aorta could occur in the absence of rupture of the outer coat, and, in 
1761, described a dissecting aneurysm found at autopsy on King George 
If of England. Morgagni reported a case in 1769, and, in 1798, Lynn 
added to the literature a most interesting account of a dissecting aneu- 
rysm in whieh rupture had oeceurred during labor. Laénnee, in 1819, 
was the first to use the term ‘dissecting aneurysm.’ The first American 
case was reported by Pennock,** in 1838. Swain** is credited with the 
first correct ante-mortem diagnosis, in 1856, and, in 1863, Peacock*’ pub- 
lished a complete description of the clinical and pathologie picture, based 


on an analysis of eighty collected eases.”’ 
INCIDENCE 


MeGeachy and Paullin? state that the incidence of dissecting aneurysm 
of the aorta is 1 in every 500 necropsies; Weiss** places it at 1 in every 
200, and Farinacci,’® at 1 in every 224; Glendy, Castleman, and White’ 
say that it is 1 in every 430, and Perry’ estimates that it is 1 in every 
552. The average of these ratios amounts to 1 in every 381 necropsies.° 
Harris" estimates that approximately 85 per cent of all incomplete, 
spontaneous ruptures of the aorta terminate as complete perforations, 
and approximately 15 per cent as dissecting aneurysms. 

The literature shows that men are affected twice as frequently as 
women, and that the highest incidence occurs in the fourth, fifth, and 


7 From the Department of Medicine of the School of Medicine of Louisiana State 
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sixth deeades of life. On the other hand, Klatz and Simpson’ were able 
to collect forty-two cases of dissecting aneurysm in persons under 40 
years of age, two of whom were juvenile, and seven adolescent. In 
Shennan’s' collection, the women outnumbered the men in the eighth 
and ninth deeades. 

THEORIES OF ETIOLOGY 


A number of theories have been advanced to explain the origin of dis- 
secting aneurysm. The mechanical theory postulates a sudden cardio- 
vascular strain in a person with a normal, or apparently normal, cardio- 
vascular system, but Klatz and Simpson’s*® work makes this hypothesis 
doubtful. They subjected normal aortas, in fresh cadavers, to intra- 
luminal pressures of 1,000 mm. Hg, without causing rupture, and they 
cite other similar experiments,*” *’ in which the intraluminal pressure 
was raised to 3,000 mm. He, without ill effects. 

Some authors believe that the aortie wall must be diseased before 
rupture can occur, regardless of whether or not cardiovascular strain is 
a precipitating factor. The idea*** that disease of the intima is the 
important etiological factor in dissecting aneurysm appears to be losing 
eround, as reports accumulate of young subjects in whom no intimal 
disease is demonstrable. Also against the theory is the observation*® ** °° 
that dissecting aneurysms which begin at the site of uleers or atheroma- 
tous plaques are usually restricted in extent. 

Other theories* 4° presuppose the existence of an abnormal tunica 
media. Degenerative changes in the media, secondary to obliterative 
arteriosclerosis of the vasa vasorum, were first described by Tyson,** and 
the cases reported by Kellogg and Heald*? and by Whitman and Stein** 
seem to emphasize the importance of this mechanism. 

Moritz** eredits Erdheim with the reeognition of essential medial 
damage of local or diffuse character which is not secondary to oblitera- 
tive disease of the vasa vasorum. The degeneration, Moritz continues, 
is a chromatrophie or mucinous process, probably involutional or 
senescent in character, which is most intense at the site of the primary 
rupture; microscopic study may be required to demonstrate it. It may 
progress to eyst formation or to vacuolation. 

Congenital deformities of the aorta,* 4 4° sueh as coareta- 
tion and hypoplasia, are undoubtedly the etiologic factors in certain 
cases of dissecting aneurysm. It has been estimated® that about 16 per 
cent of patients with coarctation of the aorta eventually develop this 
condition. 

The apparent lack of connection between syphilitic mesaortitis and 
dissecting aneurysm is interesting. Weiss** even regards the presence 
of syphilitie aortitis as evidence against the possibility of dissecting 
aneurysm and states that the occasional joint occurrence of the two 
conditions is merely coincidental. He reported a ease in which the dis- 
secting aneurysm arose at a point removed from a saccular syphilitic 
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aneurysm, and dissected around it. Others*® confirm his idea that syphi- 
litie aortitis seals the elastic laminae together and makes dissection 


difficult, if not entirely impossible. 
PATHOLOGY 


The gross pathologie changes in dissecting aneurysm are readily fol- 
lowed. A primary rent, ordinarily varying in length from 0.25 to sev- 
eral centimeters, occurs in the aortie intima. The intima is usually 
normal at the site of the tear. Ordinarily, the long axis of the tear is 
collinear with that of the arterial lumen. The most frequent sites are, 
in the order listed, the ascending aorta, from 0.5 to 3 em. above the aortic 
valves, the junction of the ascending and transverse portions, and the 
junction of the transverse and descending portions. Longitudinal tears 
are most common in the ascending portions of the aorta,’ ® #4? and 
transverse and longitudinal tears are about equal in incidence on the 
curvature of the areh.? 

After the tear has occurred, the dissecting column of blood usually 
penetrates the aortie wall radially from the site of the rupture to a point 
in the media at the junction of its outer and middle thirds. From this 
point a cleavage plane is created between the elastic laminae, involving 
from one-half to three-quarters of the circumference of the vessel 
adjacent to the tear. Dissection usually continues in the direction of the 
intraluminal blood flow, but may be directed simultaneously toward the 
heart, particularly in those eases in which the primary intimal tear is 
located in the ascending or transverse segments of the aortie arch. 
Osgood and his associates?* estimated that 10 per cent of the ruptures 
in these locations are attended with dissection toward the heart. 

The dissection may involve the entire length of the aorta and may 
extend throughout the iliae arteries or almost any other braneh of the 
aorta. It has been estimated'»*»*° that dissection is limited to the 
ascending and transverse portions of the aorta in 30 per cent of all cases, 
and extends to the abdominal aorta in 35 per cent.?* 

After the dissecting column of blood has gained access to an intra- 
medial cleavage plane, a secondary rupture outward may occur at any 
point along the aortie wall. The most frequent result of secondary rup- 
ture is hemorrhage into the mediastinum. Hemorrhage into the peri- 
eardial, pleural, or abdominal cavity is less common. Hemorrhage into 
the pleural cavity occurs more often on the left than on the right side.* *4 
Secondary rupture into the aortic lumen occurs in from 10 to 15 per 
cent of all cases.4* 48 Among the factors which determine the site of 
secondary rupture are a weakened outer wall, atheromatous plaques, 
and the presence of normal anatomie structures, such as aortie branches, 
which tend to hinder continued dissection." 

Dissecting aneurysm is frequently associated with hypertrophy of the 
left ventricle, which is presumably of hypertensive origin, or, less often, 


7, 24, 28 


secondary to coronary atherosclerosis." 
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CASE REPORTS 


In order to conserve space and avoid useless repetition, only positive findings 
are mentioned in the following case abstracts. In several instances the data are 
serious condition or died 


incomplete because the patients were admitted in such a 
Only 


so promptly that complete chemical and laboratory studies were impossible. 


necropsy material is included. The period which was surveyed extended from Jan. 1, 


1929, to May 1, 1939. 

Case 1—-A colored man, 42 years of age, was admitted to Charity Hospital 
Nov. 3, 1930, and died a few minutes later, before any history could be obtained 
or a physical examination made. 

Post-mortem examination revealed a dissecting aneurysm which extended over the 
entire length of the aorta, as well as between the serous layers of the parietal peri- 
cardium, with a secondary rupture into the pericardial cavity. Microscopic examina- 
tion revealed atherosclerosis of the aorta. 

Case 2.—A white man, 62 years of age, was admitted to Charity Hospital June 
20, 1932, and died three days later. Four hours before admission he had suddenly 
become dyspneiec and had experienced severe retrosternal pain which radiated over 
the precordium. The pain had gradually disappeared, but residual tenderness was 
The heart was enlarged, and an inconstant precordial thrill, associated 


still present. 
blood pressure was 154/94. Three days after 


with a murmur, was present. The 
admission, when the patient was getting out 
severe abdominal pain and died almost immediately. 


of bed, he was seized with sudden, 


Post-mortem examination revealed a primary, transverse tear of the aortic intima, 
which was located 9 em. above the valve and reached two-thirds of the way around 


the cireumference of the lumen, Proximal and distal dissection had extended over 
the entire length of the aorta, and a secondary rupture communicated with the peri- 
Other lesions included marked atherosclerosis of the aorta, calcification of 


eardium. 
an acute hemorrhagic uleer of the 


the aortie valve, chronie glomerular nephritis, and 
stomach. 

Case 3.—A colored man, 40 years of age, was admitted to Charity Hospital Feb. 
15, 1933, and died the following day. He was unconscious during the entire period 
of observation, and no history could be secured, 
neck were markedly distended and pulsating, the heart was much enlarged, and a 
The blood pressure was 


The veins on the right side of the 


diastolie thrill and murmur were detected at the aortie area. 
110/80, and the spinal fluid Wassermann reaction was positive. 

Post-mortem examination revealed a transverse, primary tear of the aortic intima, 
1 em. above the semilunar valve and reached three-fourths of the 


which was located 
Proximal and distal dissection had 


way around the circumference of the lumen. 
extended over the entire length of the aorta and the first portion of the left common 
iliac artery. A secondary rupture communicated with the pericardial cavity. The 
heart weighed 575 Gm.; the increase in weight was chiefly the result of hypertrophy 
of the left ventricle. Microscopic examination revealed typical syphilitic aortitis. 
CASE 4.—A white man, 65 years of age, was admitted to Charity Hospital Feb. 15, 
Eight hours before admission he had been 
Physical exami- 
The blood 


1933, and died eighteen hours later. 
seized with sudden, severe epigastric pain, associated with dyspnea. 
nation revealed a markedly enlarged heart, with occasional ectopic beats. 
pressure was 190/110, and the blood Wassermann reaction was negative. 

Fourteen hours after admission, the patient had a very severe attack of abdominal 
The pulse 


pain, followed four hours later by severe pain in the chest and dyspnea. 
Death 


was imperceptible, and the whole body was covered with profuse perspiration, 


occurred ten minutes after the second attack. 
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Post-mortem examination revealed a primary tear of the aortic intima at the 
junction of the ascending and transverse portions. Dissection of the media had pro- 
ceeded distally from this point over the entire length of the aorta. A secondary 
rupture communicated with the left pleural cavity. Microscopic examination re- 


vealed thickening of the aortic intima and atherosclerosis. 


CASE 5.—(This case has been reported elsewhere by Shattenberg and Ziskind.16) 
A colored man, 25 vears of age, was admitted to Charity Hospital April 23, 1933, 
and died four hours later. Dyspnea, anasarca, and orthopnea had been present inter- 
mittently for a year. Three days before admission he had been seized with sudden, 
severe substernal pain, which had persisted. Physical examination revealed marked 
anasarca and dyspnea. The heart was very much enlarged, and a diastolic aortic 
thrill and murmur were present. The blood pressure was 140/40, and the blood 
Wassermann reaction was negative. 

Post-mortem examination revealed a saccular dilatation of the ascending aorta. 
There was a primary intimal tear 2 em. above the aortic valve, and intramedial 
dissection extended distally from it to the aortic bifurcation. A secondary rupture 
communicated with the pericardial cavity. Microscopic examination revealed medio- 


necrosis cystica (Erdheim) and acute glomerular nephritis. 


CASE 6.—A white man, 51 years of age, was admitted to Charity Hospital Nov. 5, 
1934, and died ten hours later. He was in a state of shock when he was first seen, 
and he could give no history except that a few hours before admission he had ex- 
perienced sudden, severe, persistent substernal pain, which was associated with loss 
of motion in the lower extremities. The initial blood pressure reading was 155/100; 
seven hours later the pressure had fallen to 80/68, 

Post-mortem examination revealed a transverse, primary tear of the aortic intima, 
5 em. in length, at the junction of the arch and descending portion of the aorta. 
From this point, dissection extended proximally to the root of the aorta, where an 
extravasation of blood had elevated the auricular epicardium. Distal dissection ex- 
tended throughout the aorta and into the first portion of the right iliae artery. 
Both iliac arteries, near their origin, were compressed almost to the point of com- 
plete occlusion. A secondary rupture communicated with the left pleural cavity. 
Both the right and left ventricles were moderately hypertrophied, and the deforma- 
tion of the right and posterior semilunar cusps was such as to make the valve appear 
bicuspid. Congenital polycystic disease was present in both kidneys. Gross and 
microscopic examination revealed slight atherosclerosis in the ascending portion 
of the aorta and marked atherosclerosis of the abdominal portion. 


CASE 7.—A white man, 59 years of age, was admitted to Charity Hospital Dee. 
18, 1934, and died the following day. Three days*before admission there had been 
a sudden onset of severe abdominal pain, which was persistent and was most in- 
tense in the left flank. The patient was very dyspneic. 

Post-mortem examination revealed a primary tear of the aortic intima at the 
junetion of the ascending and transverse portions of the arch. The dissection ex- 
tended distally over the entire length of the aorta and into the first portions of both 
iliac arteries. A secondary rupture communicated with the lumen of the left iliac 
artery. A terminal rupture communicated with the mediastinum, and a large extra- 
pleural hematoma was present on the right hemithorax. The left ventricle was 
markedly hypertrophied. Microscopic examination revealed a perivascular lymphatic 


and plasma cell infiltration of the vasa vasorum of the aorta. 


Case 8.—A white man, 52 years of age, was admitted to Charity Hospital Jan. 
12, 1935, and died thirty-seven days later. He had been hospitalized several times 
previously because of hypertensive heart disease with congestive failure. On this 
admission he complained chiefly of dyspnea and edema of the legs and ankles. The 
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heart was moderately enlarged, and a loud systolic murmur was heard over the whole 
precordium. The blood pressure was 160/120, and the blood Wassermann reaction 
was negative. Urinalysis revealed albumin and epithelial casts. Electrocardio- 
graphie study showed left ventricular preponderance, a prolonged Q-T interval, and 
a wide P.. 

Eighteen days after admission, the patient suddenly developed severe substernal 
pain, became markedly dyspneic, and went into shock. A roentgenogram which was 
taken shortly after the anginal attack showed dilatation of the aortic arch. The 
pain and dyspnea persisted, and, five days before death, pure blood was aspirated 
from the left pleural cavity. 

Post-mortem examination revealed a primary tear of the aortic intima at the 
junction of the ascending and transverse portions. Dissection of the media had 
taken place through the remainder of the aorta, and extended into the first portion 
of both common iliae arteries. A secondary rupture communicated with the left 
pleural cavity. Microscopic examination revealed atherosclerosis of the aorta and 
chronie glomerular nephritis. 

Case 9.—A white man, 49 years of age, was admitted to Charity Hospital March 
21, 1935, and died forty-four hours later. He was in a state of shock, and no 
coherent history could be secured. He complained of severe abdominal pain, and, 
shortly after admission, had one tarry stool. The heart was slightly enlarged. The 
blood pressure was 150/95, and the blood Wassermann reaction was negative. 

Post-mortem examination revealed a primary tear of the aortic intima just 
above the diaphragm. From this point, proximal and distal dissection of the media 
extended from the arch of the aorta to the bifurcation. A secondary rupture com- 
municated with both the mediastinum and the left pleural cavity. The left ventricu- 
lar wall was 7.5 mm. in thickness, and the heart weighed 300 Gm. Microscopie study 


revealed syphilitic mesaortitis. 


Case 10.—A colored man, 60 years of age, was admitted to Charity Hospital 
March 28, 1935, and died the following day. Three weeks before admission he had 
had sudden, severe, low dorsal pain, which had persisted until two days before he 
entered the hospital. Just before admission there had been a marked exacerbation 
of the pain, which radiated down the spine and over the abdomen. The patient 
had suffered from dyspnea and edema of the ankles for several years, and three 
years previously had developed right hemiplegia. Physical examination revealed 
residual manifestations of the old hemiplegia, moderate enlargement of the heart, 
and evidence of fluid in both pleural cavities. The blood pressure was 190/100. 

Post-mortem examination revealed a primary tear of the aortic intima at the 
junction of the ascending and transverse portions. Just distal to the rent there 
was a localized dilatation, fusiform in character, which measured 4 cm. in diameter 
and was sharply demarcated from the adjacent lumen by a constricted ring forma- 
tion. Intramedial distal dissection extended spirally over the entire length of the 
aorta and into the first portion of both common iliac arteries. A secondary rupture 
communicated with the left pleural cavity. There was gross evidence of both an 
atherosclerotic and a syphilitie process in the aorta. The heart was moderately 


enlarged. 


CASE 11.—A white man, 28 years of age, was admitted to Charity Hospital July 
12, 1936, and died three days later. Ten days before admission he had been seized 
with sudden, severe, penetrating pain in the left inframammary region, which radi- 
ated through the chest to the back. ‘The pain had decreased in intensity within 
twenty minutes, but had never entirely disappeared. It was aggravated by deep 
breathing and was worse when the patient assumed the left lateral position. The 
heart extended to the left anterior axillary line, and an aortie diastolic thrill and 


loud aortie disastolic murmur were present. The blood pressure was 98/0. 
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Post-mortem examination revealed a small, primary tear of the aortic intima at 
the junction of the transverse and descending portions. Intramedial dissection ex- 
tended from the point of the tear to the first portion of the abdominal aorta. <A 


secondary rupture communicated with the left pleural cavity. 


CASE 12.—A white woman, 38 years of age, was admitted to Charity Hospital 
July 17, 1936, and died seven days later. Four days previously she had been seized 
with a sudden, excruciating pain in the chest, which quickly extended to the toes. 
Later, there was impairment of motion in the lower extremities, which became numb 
and eold. The patient was bleeding from the vagina and was incontinent of urine. 

Physical examination revealed no gross abnormality, except severe first-degree 
burns of the legs, which were the result of hot applications. A complete neurologic 
examination showed nothing abnormal. The blood pressure was 150/90, and both the 
blood and spinal fluid Wassermann reactions were negative. 

Post-mortem examination revealed a primary intimal tear at the root of the 
aorta, and intramedial dissection extended over its entire length and into the first 
portion of both iliae arteries. An atherosclerotic process was present. The heart, 
which was markedly enlarged, weighed 500 Gm. The mitral valve was calcified and 
ulcerated, and the aortie valve was diffusely thickened. The pulmonic, splenic, and 
superior mesenteric arteries contained thrombi, and the small intestine was the seat 


of a beginning necrosis. 


CASE 13.—A colored man, 57 years of age, was admitted to Charity Hospital April 
24, 1937, and died twenty-four hours later. Three hours previously he had been 
suddenly seized with sharp epigastric pain associated with dyspnea, both of which 
had persisted. The previous history was irrelevant except for transitory edema of 
the ankles several months before, Scattered rales were present at the bases of both 
lungs, and the epigastrium was very rigid. The blood pressure was 130/80. 

Post-mortem examination revealed a transverse, primary tear of the aortic intima, 
which was located 3 em. above the aortie valve and involved two-thirds of the cir- 
cumference of the lumen. A spiral intramedial dissection extended distally along 
the full length of the aorta and down the left iliae artery for a distance of 3 em., 
resulting in obstruction of the innominate and left common carotid arteries. <A 
secondary rupture communicated with the pericardial sae through a tear, 0.6 em. 
in length, at the root of the aorta. The heart weighed 300 Gm. Microscopie study 


revealed syphilitie aortitis, but no evidence of atherosclerosis. 


CASE 14.—A colored man, 65 years of age, was admitted to Charity Hospital July 
9, 1937, and died August 15, 1957. For two weeks before admission he had had 
lower abdominal pain and dyspnea, and had had difficulty in starting urination. The 
urine had contained blood. Examination of the chest revealed dullness and rales at 
the bases of both lungs. The abdomen was slightly distended, and there was 
generalized abdominal tenderness. The prostate was markedly enlarged and tender. 
The blood pressure was 165/99. 

Post-mortem examination revealed a primary rupture of the intima of the 
abdominal aorta through an atherosclerotic plaque. Intramedial dissection extended 
for a distance of 12 ¢m., at which point there was a secondary rupture into the aortic 
lumen, Examination of the kidneys and prostate revealed left-sided pyelonephritis 


and suppurative prostatitis. 


Case 15.—A colored man, 55 years of age, was admitted to Charity Hospital 
Jan. 27, 1938, and died in coma three days later. For three months before he 
entered the hospital he had suffered from dyspnea, orthopnea, and dependent edema. 
Five weeks previously he had been seized with sudden, agonizing pain in the left 
hypochondrium, which radiated to the precordium and to the right lower quadrant 


of the abdomen. The pain had reeurred at intervals thereafter. Physical examina- 
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tion revealed a comatose patient, extremely dyspneic, with marked edema of the 
lower extremities. The left cardiac border was at the anterior axillary line, and 
there was a systolic murmur at the apex. The blood pressure was 216/160. The 
blood Wassermann reaction was negative. Urinalysis revealed both albumin and 
casts; the urea nitrogen content of the blood was 42 mg. per 100 e.c. 

Post-mortem examination revealed coarctation of the aorta, just proximal to which 
a primary tear had occurred. An old dissecting aneurysm communicated with the 
lumen of the aorta. A recent secondary rupture, just proximal to the coarctation, 
communicated with the mediastinum. Examination of the kidneys revealed chronic 


glomerular nephritis. 


CASE 16.—A white man, 62 years of age, was admitted to Charity Hospital May 
5, 1938, and died four hours later. His chief complaints were abdominal cramps and 
bloody diarrhea. 

Post-mortem examination revealed a primary, transverse tear of the aortic intima, 
2.5 em. in length, located 2.5 em. above the aortie valve. Medial dissection extended 
over the entire length of the aorta and the first part of the superior mesenteric 
artery. The entire small intestine was gangrenous. Gross examination of the aorta 


revealed marked atherosclerosis. 


CASE 17.—A white man, 61 years of age, was admitted to Charity Hospital Jan. 
20, 1939, and died five days later. Thirty minutes before he had entered the hos- 
pital he had been seized with sudden, severe, restrosternal pain which radiated to 
the abdomen and was accompanied by marked cyanosis and dyspnea. For years the 
patient had had heart disease and had suffered from vertigo, dyspnea, and recurrent 
edema. Rales were heard at the bases of both lungs. The heart was moderately en- 
larged. The edge of the liver was palpable 6 em. below the right costal margin. The 
blood pressure was 98/60, <A slight leucoeytosis was present. The sugar and non- 
protein nitrogen content of the blood and the sedimentation time were within normal 
limits. The blood Wassermann reaction was strongly positive. Electrocardiographie 
examination showed left ventricular preponderance, with no evidence of coronary 
disease. 

The second day after the patient was admitted the nonprotein nitrogen content 
of the blood had risen to 76.5 mg. per 100 ¢e.c. Dyspnea increased progressively until 
death. The diagnosis of dissecting aneurysm was made ante mortem (L. F. H.). 

Post-mortem examination revealed a marked, scattered atherosclerosis of the entire 
aorta. One of the plaques in the ascending portion had been partially elevated from 
the aortic wall and, from this point, intramedial dissection proceeded for a distance 
of 2 cm. The heart weighed 400 Gm. Microscopic examination revealed no disease 


of the media or of the vasa vasorum. 


CASE 18.—A colored man, 46 years of age, was admitted to Charity Hospital 
March 25, 1939, and died suddenly twelve hours later. Several days previously he 
had been seized with sudden pain in the lower abdomen, which radiated into the 
right leg. At the same time, a mass which increased rapidly in size was noted in 
the region of the right femoral canal. The abdominal pain had subsided before ad- 
mission, but the pain in the right leg was still present, and there was impairment of 
motion in this extremity. 

Physical examination revealed a large, firm, tender, pulsating mass just inferior 
to the medial third of the right inguinal ligament. The right thigh and leg were 
cold and clammy, and the arterial pulsations were indistinct. The heart was slightly 
enlarged. Urinalysis was negative, as was the blood Wassermann reaction. The 
leucocyte count was 12,590, but there was no proportionate increase in the number 
of polymorphonuclear cells. A diagnosis of thrombosis of the right femoral artery 
was made, and a lumbar sympathetic block was done. Death occurred a few hours 


later. 
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Post-mortem examination revealed a primary, transverse tear of the aortic intima 
which was located 2.5 em. from the valve and encircled the entire lumen, Dissection 
extended proximally and distally over the entire length of the aorta, and there were 
secondary ruptures into the right thigh, 7 em. below the inguinal ligament, and into 
the pericardial sac. The left ventricle was hypertrophied, and the heart weighed 
460 Gm. Microscopic examination revealed medial necrosis. 

CASE 19.—A colored man, 34 years of age, was admitted to Charity Hospital April 
16, 1939, and died three days later. Three days before admission he had been 
seized with sudden, severe, interscapular pain, which radiated to the cocecyx and into 
the left leg. When the patient was brought to the hospital, there was complete 
loss of motion in this leg, and hematuria was present. 

The heart was markedly enlarged to the left, and a to-and-fro murmur was audible 
in the aortic area. The left leg was cold and somewhat edematous, and the veins 
were distended. The pulsation of the left femoral artery was barely palpable. The 
blood pressure was 180/70 in the right arm, 170/64 in the left arm, 190/110 in the 
right leg, and 90/70 in the left leg. 

The urine was grossly bloody, and contained a considerable amount of albumin 
(3 plus). The leucocyte count was 14,000, of which 82 per cent were neutrophiles. 
The blood Wassermann reaction was negative. Electrocardiographic examination 
revealed extreme left axis deviation; the QRS interval was 0.10 sec.; R, was slurred; 
T, was inverted; and the RS-T segment was depressed in Leads I and II. A teleo- 
roentgenogram revealed dilatation of the ascending and transverse portions of the 
aorta, enlargement of the heart, and pulmonary congestion. An ante-mortem diag- 
nosis of dissecting aneurysm of the aorta was made by the interne (Dr. J. M. 
Broeato). 

Post-mortem examination revealed a primary, transverse tear of the aortic intima, 
5 em. above the aortie valve, with proximal and distal dissection throughout the 


entire length of the aorta. Secondary rupture had occurred into the pericardial sac. 
A large thrombus occluded the left iliae artery, and the right kidney was the seat 
of a large infarct. 


DISCUSSION 


An analysis of our own cases and of the cases in the literature makes 
it clear that the clinical manifestations of dissecting aneurysm are 
usually typical. The most characteristic feature is the sudden onset 
of severe thoracic or abdominal pain, which may remain confined to the 
trunk or may radiate to the lower extremities. In the latter respect, 
it differs from the pain of cardiae infarction, which frequently radiates 
down one or both upper extremities. A rapid extension of the pain from 
the thorax to the abdomen, and thence to the thigh, is probably to be 
explained by rapid dissection of the media in these regions. For this 
reason, a severe attack of thoracic pain, followed almost immediately by 
a severe attack of abdominal pain, is a sequence highly suggestive of 
dissecting aneurysm. The diagnosis of dissecting aneurysm is almost 
certain if, to this chain of events, there are added pain and impaired 
motion of the lower extremities, combined with weakness or absence of 
the arterial pulsations. The fact that the patient was apparently in good 
health before the attack of pain, or that the onset was not precipitated by 
exertion, should not be used as evidence against the possibility of dis- 


secting aneurysm. 
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The aortie insufficiency which is commonly associated with dissecting 
aneurysm is apparently the result of a deformation of the aortie ring 
caused by the dissecting column of blood. Its association with moderate 
or marked cardiac enlargement should not lead to the false assumption 
that the latter is a result of the former and, therefore, must have existed 
previous to the onset of the dissecting aneurysm. The aortic insuf- 
ficiency, on the other hand, may indicate that secondary rupture of the 
aneurysm into the pericardial sac is impending. 

Case reports which are lacking, as many of ours are, in serial micro- 
scopic examinations of the aortic wall add little to a clarification of the 
etiologic factors. Our survey of the literature and analysis of our 
nineteen cases have, however, erystallized our opinion as to certain 
aspects of the etiology, as follows: 

A few patients with coarctation, or extreme hypoplasia, of the aorta 
are likely, because of these anomalies, to become victims of dissecting 
aneurysm. <A few patients with atherosclerosis of the aorta may suf- 
fer uleeration of the intima, which permits dissection to begin at this 
point. Another relatively small group of patients develop dissecting 
aneurysms primarily because of disease of the vasa vasorum, of still 
unknown etiology, with secondary weakening of the media. 

In the largest, and, therefore, the most important group of eases of 
dissecting aneurysm, none of these etiologic factors is present. Most 
patients, like those in our own series, present no specific disease of the 
aorta, although its absence can probably be explained in most cases by 
the fact that the microscopic examination was inadequate. 

It is very unlikely that any bursting pressure within the aortie lumen 
could be of sufficient magnitude, in vivo, to cause rupture of the wall, 
unless some high-grade destructive process were present in the media. 
Many other observers are in agreement with us on this point. It is 
also clear, in view of what has already been said, that the postulated 
medial disease is necessarily unrelated to, and unlike, syphilis. 

Considerable interest continues to center around the mechanies in- 
volved in the development of the initial linear tear of the intima. In- 
asmuch as none of the explanations which have so far been advanced 
appears to be acceptable, the following is offered by one of us (R. H. B. 
because it explains many of the striking phenomena, and has, in our 
opinion, a reasonably sound theoretical basis. 

The forces of stress at any point within the essentially elastic laminae 
of the aortie wall have a resultant magnitude equal to that of the effee- 
tive internal pressure,°® and their directions are tangential, or nearly 
tangenital, to the lamina at the point in question. It follows that rup- 
ture cannot take place in a direction normal to the wall, outward or 
inward. Furthermore, the stress will be maximal when dilatation is 
maximal, and the direction of the linear tear will be perpendicular to the 
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direction of the preponderant stretch. Consequently, a preponderantly 
longitudinal stretch will result in a circumferential tear, and a pre- 
ponderantly dilating stretch will result in a longitudinal tear. When 
both of these varieties of stretch are equal, or nearly equal, in magnitude, 
the direction of the linear tear may be skew. 

Thus, if we assume that there is a more or less diffuse medial disease, 
the majority of tears may be expected to occur in the ascending portion 
and arch of the aorta. Furthermore, since a longitudinal stretch is 
maximum in the ascending portion, the incidence of circumferential 
tears should be, and is, greatest here. The intima will rupture, of 
course, at the moment its limit of extensibility is exceeded, and since 
this limit is apparently less than that possessed by the outer lamina of 
the media, the rupture of the vessel wall is subtotal. Thus a situation 
suitable for dissection is established. 

If these speculations are correct, a diligent search for disease of the 
media, other than syphilis, should be rewarded by the discovery of 
definite lesions in most, if not in all, of the large group of cases of 
dissecting aneurysm in which the etiology is not at once clear. In our 
own series, medionecrosis cystica was present in every ease in which 
adequate studies were made. 


SUMMARY AND CONCLUSIONS 


1. All cases of dissecting aneurysm which have been reported in the 
American literature since 1933 have been collected, and nineteen new 
cases have been added. 

2. The possible etiologic factors in dissecting aneurysm are analyzed, 
and the importance of medial necrosis is emphasized. 

3. It is urged that a diligent search for medial necrosis be made in 
all cases of dissecting aneurysm in which the etiology is not at once 
obvious, for, in our experience, this condition has been found when- 
ever adequate studies were made. 
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Corrigendum 


In the article entitled ‘‘The Modifying Action of Certain Drugs (Aminophyllin, 
Nitrites, Digitalis) Upon the Effects of Induced Anoxemia in Patients With 
Coronary Insufticieney,’’ by Robert L. Levy, M.D., Howard G. Bruenn, M.D., and 
Norman E. Williams, M.D., which appeared in the June, 1940, issue of the Journal, 
the last sentence under Conclusion 4, on page 649, should read ‘‘The T waves 
were modified in seven of ten cases.’’ 
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NONINFECTIOUS THROMBOSIS OF A PATENT DUCTUS 
ARTERIOSUS 


Report or A Case, WitH AUTOPSY 


B. V. JAGcerR, M.D. 
Boston, Mass. 


ATIENTS with a patent ductus arteriosus frequently die of cardiac 

insufficiency or of infectious processes involving the heart. An un- 
usual termination, resulting from occlusion of the superior mesenteric 
artery by emboli coming from a noninfected thrombus of a_ patent 
ductus arteriosus, deserves to be described. As far as can be ascertained, 
no similar ease has been reported in an adult. 


REPORT OF CASE 


History.—A 55-year-old, white housewife was admitted to the Boston City Hos 
pital a few hours after an attack of severe precordial pain, accompanied by 
difficulty in breathing. During this attack she lost consciousness, and fell and 
bruised her arms and hands. The patient had had hypertension for a number 
of years. For one year she had suffered from recurrent dyspnea and precordial 
pain. Prior to this time she had always been healthy and active. Two days before 
entry to the hospital she had increasing dyspnea, with severe headache and dizziness. 

Physical Examination.—The patient was a well-developed, obese, drowsy woman, 
in no acute distress. Examination of the head and neck was negative. There 
were dullness and rales over the bases of both lungs posteriorly, and basal rales 
anteriorly. On percussion, the left border of the heart was within the anterior 
axillary line. The heart scunds were distant and the heartbeat was regular. There 
was no murmur or friction rub. The blood pressure was 150/100. Examination 
of the abdomen revealed no palpable organs or masses; there was no tenderness. 
Minimal edema of the ankles was present. 

Laboratory Examinations.—At the time of entry, the total erythrocyte count 
was 4,800,000 per ¢.mm. The hemoglobin was 89 per cent (Sahli). The total 
leucocyte count was 20,900 per ¢.mm., with a differential count of 50 per cent 
polymorphonuclear leucocytes and 50 per cent lymphocytes. A blood Hinton reae- 
tion was negative. The nonprotein nitrogen content of the blood was 38 mg. 
per cent. The urine had a specific gravity of 1.025 Subsequent urine examinations 
luring the period of hospitalization never showed any albumin or abnormal sediment. 

An electrocardiogram on the first day showed normal sinus rhythm, with a rate 
of 81 per minute, a P-R interval of 0.16 second, and a QRS interval of 0.08 sec- 
ond. T, was inverted, anJ its origin was slightly high. T, was flat, T, upright, and 
T, inverted. The electrical axis was normal. The Q-T interval was 0.42 second. 
On the second day, T, became inverted, T,, 
Q-T interval was 0.64 second. The changes in the T waves were interpreted as 


T., and T, were much deeper, and the 


suggesting the presence of an acute process. On the third day, the Q-T interval 
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was 0.42 second, and the T waves were diminished in amplitude. On the sixth 
day there were only minor changes in the electrocardiogram. 

Course of Illness.—-The patient remained in the hospital for nine days. The 
day after entry she complained of weakness, associated with precordial pain which 
radiated to the left shoulder. The total leucocyte count at this time was 4,500, 
with a differential count of 75 per cent polymorphonuclear leucocytes and 25 per 
cent lymphocytes. During the course of the next five days she continued to com- 
plain of precordial pain end weakness. On the seventh hospital day there was a 
marked change in the patient’s condition. She complained of extreme weakness 
and vomited several times. Severe precordial pain, which radiated into the back 
of the neck and shoulders, developed. Within an hour, this pain migrated to the 
abdomen. At the time of this attack the patient was pale and cold, There was 
profuse sweating. The blood pressure was 120/80. The total leucocyte count 
was 25,200 per e.mm., with a differential count of 92 per cent polymorphonuclear 
leucocytes and 8 per cent lymphocytes. 

On the eighth day, pain was especially marked in the lower abdominal quad- 
rants and was accompanied by vomiting. A small, bloody stool was passed. The 
total leucocyte count on this day was 24,300 per e.amm. On the ninth hospital 
day the pain in the abdomen was much more severe, and there were definite dis- 
tention and rigidity, with generalized abdominal tenderness. No intestinal sounds 
could be heard. The pulse became rapid and weak. The patient went deeper 
into shock and died, 

During the nine days of hospitalization the patient’s temperature showed daily 
elevations to 99.5° F. The pulse rate, which was 90 per minute on the day 
of admission, fell to 70 on the second day, and continued at this level until the 
last hospital day, when it rose to 115 per minute. The respiratory rate during 
the entire period remained between 20 and 25 per minute. 

Treatment was symptomatic. During the first six days the patient received 
morphine, codeine, and nembutal for relief of discomfort. During the last three 
days of life morphine and caffeine were administered, 

The clinical diagnosis was coronary thrombosis, with mural thrombosis and 
mesenteric embolism. 

Abstract of Autopsy Report——Post-mortem examination was performed two and 
one-half hours after death. The anatomic diagnoses which were made at the time 
of autopsy were as follows: thrombosis of a patent ductus arteriosus, with an 
adjacent thrombus on the wall of the left branch of the pulmonary artery; throm- 
bosis of the main trunk of the superior mesenteric artery, with infarction of the 
lower jejunum, entire ileum, cecum, and ascending colon; multiple, recent infarcts 
of the spleen; slight stenosis of the pulmonic valve; hypertensive heart disease, as 
indicated by moderate myocardial hypertrophy; and slight atherosclerosis of the 
aorta and pulmonary artery. 

The heart was definitely enlarged, weighing 450 Gm. The left ventricular wall, 
which was moderately thickened, measured 1.5 em., and the wall of the slightly 
thickened right ventricle measured 0.4 em. The orifice of the pulmonary valve was 
small, measuring 5.5 em., whereas the orifice of the aortic valve measured 7 em. 
in circumference. The valves were otherwise normal and gave no evidence of 


healed or active inflammation. The wails of the coronary arteries were thickened, 
and they presented scattered, firm, yellow, intimal plaques. The lumina of the 
arteries were moderately narrowed. 

A patent ductus arteriosus of the so-called funnel-shaped type was present. The 
broad, dilated portion opened into the aorta, whereas the narrow, stem-like portion 
opened into the left main branch of the pulmonary artery. The dilated, funnel- 
shaped portion of the ductus arteriosus measured 1.4 em. in diameter and 1.3 em. 
in depth. A short cylindrical passage, measuring 5 mm. in length and 4 mm. in 
diameter, extended from the apex of the funnel-shaped area into the left branch 


238 THE AMERICAN HEART JOURNAL 
of the pulmonary artery at a point 8 mm. beyond the bifureation of the main 
stem. The walls of the funnel-shaped concavity were yellow, roughened, and calei- 
fied. Firmly attached to this roughened surface was a small red thrombus, with 
an uneven, granular surface. This thrombus, which measured approximately 5 
mm. in diameter and incompletely filled the funnel-shaped portion, continued along 
the narrowed portion of the ductus arteriosus and projected into the lumen of the 
left branch of the pulmonary artery. Here it formed a soft, protruding mass 
which measured 6 mm. in diameter and was leosely adherent to the adjacent in- 
timal surface of the pulmonary artery. The thrombus almost completely occluded 
the lumen of the narrowed portion of the ductus arteriosus. However, at the time 
of autopsy it was possible to pass a small, wire probe along the entire course of 


the ductus arteriosus without dislodging any portion of the thrombus. 


Fig. 1.—Portion of heart, showing left ventricle, ascending aorta, and bifurcation of 
the pulmonary artery. Between the aorta and the pulmonary artery lies the patent 
ductus arteriosus, into which a probe has been inserted. An arrow indicates the 
thrombus overlying the pulmonary orifice of the ductus arteriosus. 


The aortic arch measured 6 em. in circumference just above the opening of 
the ductus arteriosus, and 5.6 em. m circumference just below the opening. In 
the transverse portion of the aortic arch there was a single, nonealecified, atherom- 
atous plaque, measuring 1.8 em, in diameter. In the abdominal aorta, scattered, 
firm, yellow, intimal plaques, varying from 0.5 to 1.5 em, in diameter, were present. 
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On the intimal surface of the main stem of the pulmonary artery there were 
9 
3 to 0 


several, slightly raised, pearly-gray, smooth elevations which varied from 
of the 


mm. in diameter and did not exceed 1 mm. in height. The main stem 


pulmonary artery was not dilated. 
The peritoneal cavity contained about 200 ¢.c. of watery, odorless, bloodtinged 
fluid. The peritoneal surfaces were smooth and glistening, although the external 
surface of the lower jejunum, entire ileum, cecum, and ascending colon exhibited 
a deep-red discoloration. 
The pleural cavities contained no fluid, and their 
ing. The lungs were crepitant and not increased in weight. 


walls were smooth and glisten- 
There was slight con- 


gestion of the lower lobes. 


2.—A portion of the wall of the ductus arteriosus has been removed, exposing the 


Fig. 
thrombus within its lumen, 


On the capsular surface there 


The spleen was of normal size, weighing 100 Gm. 
Cut sections revealed a 


were four or five, slightly bulging, grayish-yellow areas. 
soft, dark-red pulp. Underlying each of the discolored areas of the capsule there 
was a firm, wedge-shaped area where the pulp was of a brownish-red color, present- 
ing the appearance of red infarction. The splenic artery and vein showed nothing 
of interest. 

The stomach, duodenum, and upper half of the jejunum showed nothing re- 
The remainder of the jejunum, the entire ileum, the cecum, and the 
of these segments 
The lumen of 


markable. 
ascending colon had smooth, red, serosal surfaces. The walls 
of intestine were friable, and the mucosal surfaces were dark red. 
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the discolored portion of the intestine contained a small amount of watery, dark-red 
fluid. The uninvolved lower portion of the colon and sigmoid contained a small 
amount of similar fluid. Six cubic centimeter beyond its origin, the main stem 
of the superior mesenteric artery was occluded by a soft, loosely adherent thrombus 
which extended distally for a distance of 5 em. 

The liver was of normal size, weighing 1,240 Gm. The parenchyma was slightly 
congested. 

The kidneys were slightly reduced in size, weighing, together, 220 Gm. They 
presented smooth, light-brown surfaces, and slightly narrowed, irregular cortices 
which varied from 8 to 6 mm. in width. There were no infarcts or petechiae. The 
renal vessels showed nothing remarkable. 

Microscopic Examination.—Five sections of the heart muscle were examined 
without finding evidence of extensive infarction. Seattered, small patches of myo 
cardial fibrosis were seen. In several sections there were small areas in which the 
muscle fibers were intensely acidophilic and had a hyaline-like granular cytoplasm. 
Between some of the myocardial muscle fibers, in the perivascular connective tissue 
and beneath the endocardium, there were seattered small collections of cells con 
sisting mainly of lymphocytes, with a few polymorphonuclear leucocytes, plasma 
cells, and macrophages. Nile blue and sndan IV stains revealed no fat in the 
muscle fibers. 

Sections of the Imngs showed moderate congestion of the alveolar septa, with 
small patches of bronchopneumonia, as indicated by small collections of poly 
morphonuclear leucocytes in the bronchioles and surrounding alveolar spaces. There 
were no vascular lesions. 

Bland infarets which were undergoing slight peripheral organization were pres- 
ent in the spleen. 

The intestine showed changes which were consistent with early infarction. There 
was no evidence of peritonitis. 

The lumen of the superior mesenteric artery was completely occluded by a 
thrombus which consisted of old fibrin, erythrocytes, and degenerating leucocytes. 
There were no leucocytes in the vessel wall, and there was no evidence of organ 
ization of the thrombus. No atheromatous changes were present in the intima. 

A section of the ductus arteriosus, taken at the junction with the pulmonary 
artery, showed an attached thrombus which was undergoing extensive peripheral 
organization. Centrally, the thrombus was unorganized and consisted of old fibrin, 
degenerating erythrocytes, and poorly preserved leucocytes. The organized portion 
consisted of cellular fibrous tissue in which there were scattered small collections 
of lymphocytes, macrophages, and polymorphonuclear leucocytes. A second sec 
tion, taken through the ductus arteriosus toward the pulmonary end of the vessel, 
showed an unorganized intimal thrombus. In this section, the underlying media 
contained small foci of polymorphonuclear leucocytes. Sections were not taken 
through the aortic end of the ductus arteriosus because it was desired to preserve 
the gross specimen. The media of the ductus arteriosus was composed of smooth 
muscle and hyalinized fibrous tissue. The intima was slightly thickened and 
hyalinized. There were ne areas of necrosis in the vessel wall. 

Sections through the pearly elevations in the pulmonary artery revealed intimal, 
hyalinized masses which contained smal! amounts of atheromatous material. 

In the kidney sections there were ne evidences of toxie or embolic manifesta 
tions. The larger vessels showed a moderate degree of arteriosclerosis. 

The liver showed slight central congestion. 

Sections of the other ergans showed nothing remarkable. 

Bacteriologic Examination.—A post-mortem culture of the heart’s blood remained 
sterile. A culture of the peritoneal exudate at autopsy yielded B. coli, Staphy- 
lococcus aureus, and a streptococcus with alpha prime hemolysis. At the time of 
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autopsy, no culture was made of the thrombus in the ductus arteriosus. Bacterial 
stains (MacCallum-Goodpasture and Gram-Weigert) were made on sections of the 
heart muscle, on sections of the ductus arteriosus containing the thrombus, on the 
thrombosed superior mesenteric artery, and on two of the splenic infarcts. In 
no instance could any bacteria be demonstrated. 

DISCUSSION 

The extensive organization of the thrombus lying in the ductus 
arteriosus suggested that it was at least several weeks old. There was 
nothing in this thrombus to indieate that it was of infectious origin. 
The splenie infarcts were undergoing early organization and appeared 
to be younger than the thrombus lying in the ductus arteriosus. These 
infarets were not suppurative in nature. The unorganized thrombus 
in the superior mesenteric artery was still more recent, which was con- 
sistent with the duration of the abdominal symptoms. The microscopic 
lesions in the myocardium could be attributed to focal areas of circula- 
tory insufficiency. 

At the time of the patient’s admission to the hospital the ductus 
arteriosus was probably already occluded by a thrombus—a fact which 
would explain the absence of a cardiac murmur. In an attempt to 
secure additional evidence of impaired function of the heart, the pa- 
tient ’s husband was interviewed. He did not know whether or not his 
wife had had a ecardiae murmur. He stated that she had always been well 
and active until the preceding year, when she had begun to complain 
The family physician, who had 


of dizziness and ‘‘ringing in the ears. 
been treating the patient for ‘‘high blood pressure’’ for about five years, 
did not recollect whether or not the patient had had a heart murmur. 
Such observations would indicate that we were dealing with a fune- 
tionally insignificant ductus arteriosus. This was supported patho- 
logically by the absence of significant right ventricular hypertrophy 
and by the absence of dilatation of the pulmonary artery. The pul- 
monary atherosclerosis which was observed in this case is frequently 
associated with patency of the ductus arteriosus. 

Pateney of the ductus arteriosus is a rare occurrence in adults. 
White! states that only seven cases were encountered, excluding in- 
fants under 1 year of age, in 5,000 consecutive autopsies at the Massa- 
chusetts General Hospital. Abbott? found this condition in eighty-four 
of a series of 850 eases of cardiae defects. 

In the literature, there are reports of thirty-five, or more, cases of 
infective vegetations occurring in a patent ductus arteriosus in which 
the diagnosis was confirmed at autopsy. Many others have been re- 
ported without post-mortem examination. Schlaepfer, in 1926, col- 
lected a series of nineteen cases and presented an additional ease. 
Blumer and MeAlenney,* in 1931, collected a series of twenty-eight 
similar cases and added six of their own, in two of which the patient 
came to autopsy. More recently, five additional cases have been re- 


ported.°~® 
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In these thirty-five cases of septic thrombosis of a patent ductus 
arteriosus, the following features seem worthy of note. In only five 
of the thirty-five instances were the heart valves intact.* *° The tri- 
cuspid valve seems to be the least likely site of the valvular endocarditis 
which is so often associated with infectious lesions of the ductus 
arteriosus. Congenital defects of the heart itself are uncommon in 
this condition. The adjacent pulmonary artery is frequently involved 
in the inflammatory process. Pulmonary infarets are common, The 
clinical course and symptoms are similar to those in eases of endo- 
carditis without involvement ‘of a ductus arteriosus. The Streptococcus 
viridans was most frequently responsible for the infection. 

In the case reported here, there was nothing to suggest an infectious 
process involving the ductus arteriosus. The short duration of the 
symptoms, the good nutrition of the patient, the absence of marked 
anemia and of petechiae, the slow pulse rate, and the relatively afebrile 
course are uncommon in cases of endocarditis or septic arteritis. Patho- 
logically, the lack of splenic enlargement, the absence of cardiae valvular 
involvement, and the histologic appearance of the thrombi and of the 
infarcts, in addition to the fact that the kidneys were normal, support 
the contention that the thrombosis of the ductus arteriosus was non- 
infectious. Moreover, bacterial stains on sections of the thrombi, the 
heart muscle, and the splenic infarcts revealed no organisms. 

Thrombosis of a patent ductus arteriosus of a noninfectious type is 
far less common than that caused by infection. Kowalski’? deseribed 
the ease of a well-developed, full-term infant who collapsed on the sixth 
day of life and died two days later. The infant was found to have 
thrombosis of the ductus arteriosus, with emboli to the renal arteries, 
and cerebral ischemia. Kowalski reviewed six similar cases, all of 
whieh occurred in infants under 2 weeks of age. More recently, 
Bettinger" reported a similar case in a normal infant who died on the 
tenth day of life. 

As far as ean be ascertained, there is no reported case of noninfectious 
thrombosis of a patent ductus arteriosus in an adult. Altschule'? de- 
scribed the case of a 57-year-old man who died of cardiac failure. At 
autopsy, a marked sacculation was found in the aorta at the site of the 
ductus arteriosus. The sacculation was thought to be an aneurysmal 
dilatation of a ductus arteriosus which was closed on the pulmonie side. 
The only systemic embolus which was found was an organizing thrombus 
in one medium-sized pancreatic artery. 

The calcified plaque which was present in the funnel-shaped opening 
of the ductus arteriosus in our case is significant, for it is likely that the 
thrombus originated on the surface of this rough plaque and then spread 
into the narrowed portion of the ductus arteriosus. Weiss’ states: 
‘‘In communication, Dr. M. E. Abbott informs me that in her series 
ot 90 cases of patent ductus arteriosus, calcific deposits at the aortie end 
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of the ductus were observed in only two eases.’” He added a similar case 
which occurred in a 33-year-old woman with a septic thrombus of the 
ductus arteriosus and the adjacent pulmonary artery. 

Recently, we have observed the frequeney with which atheromatous 
plaques oceur in the aortic arch at the site of the ligamentum arteriosum. 
In fifty autopsies on adults in which this area was examined, ealcified 
plaques were present in the aorta at this site in twenty-nine instances. 
Nonealeified plaques were present in nine instances in this same region. 
Other, and, at times, larger, atheromatous lesions were frequently 
present in the aortic arch. The age of the patients varied from 30 to 
85 years. The majority were in the sixth and seventh decades. The 
apparent predilection for calcification in this portion of the aortie arch 
should favor thrombus formation in eases of patency of the ductus 
arteriosus. 

SUMMARY 


An elderly woman was admitted to the hospital following an attack 
of severe precordial pain. On the seventh hospital day she developed 
abdominal pain which continued until her death, two days later. Post- 
mortem examination disclosed embolic occlusion of the superior mes- 
enteric artery. The embolus arose from fragments coming from a 
recently thrombosed patent ductus arteriosus. The clinical, pathologic, 
and bacteriologiec observations indicated that the thrombus was_ not 
infectious in origin. 
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Moia, B., and Battle, F. F.: Characteristics of the Hepatic Pulse in Cases of 
Coincidental Auricular and Ventricular Contractions. Rev. argent. de cardiol. 
7: 31, 1940. 


Optical records of hepatic pulse were obtained by means of Frank’s segment 
capsule simultaneously with other records (electrocardiogram, venous pulse, apex 
beat, central arterial pulse, heart sounds), in sixteen patients with disorders of 
rhythm in which there occurred a coincidence of auricular and ventricular con 
tractions, 

When the conditions for its recording were favorable, the hepatogram showed, 
each time auricular and ventricular systoles coincided, a well-marked systolic 
wave. This wave is due to a reflux determined by the mechanically blocked 
auricular contraction (Wenckebach’s vorhofspfropfung). The important role of 
this mechanical block in the origin of the circulatory disturbances observed in 


these cases is thus confirmed. 
AUTHORS. 


Sugarman, H., Katz, L. N., Sanders, A., and Jochim, K.: Observations on the 
Genesis of the Electrical Currents Established by Injury to the Heart. Am. JJ. 
Physiol. 130: 130, 1940. 


The electrical changes produced by an area of injury on the dog’s ventricle 
were studied in two types of experiments. In the first type, a very small injured 
area was produced by pressure, and by means of a unipolar lead from this spot, 
it was found that as the injury is produced, the spot becomes negative when 
the heart is at rest and positive during complete cardiac activation, measured 
with respect to the potential of normal uninjured cardiac muscle. These changes 
disappear on recovery from the injury. This observation confirms the recent re- 
sults of Eyster, Meek, et al. 

In the second type of experiment, a small area of injury was produced by intra- 
myocardial injection of 95 per cent alcohol, and, by means of unipolar leads, the 
potential changes with time were followed in the injured area and at points 
on the ventricles at different distances from the center of injury. The results 
were: 

1. Changes in the contour of the QRS complex, indicating an alteration in the 
pattern of impulse spread, occurred in the injured area and later also in other 
areas outside this region. 

2. A depression of the S-T level occurred, which was maximum in the injured 
region and became smaller out toward the periphery. These changes tended to 
disappear with time. 

3. A coronary type of upright T wave appeared some time after the injury was 
produced and was confined to the margin of the injury and a narrow region sur- 
rounding it. This T wave tended to disappear with time. 
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An explanation of the results of both types of experiment is offered on the 
basis of the classical membrane theory. 

The change in contour of the QRS produced by injury is ascribed to alteration 
in the pattern of impulse spread. 

The T-Q elevation and S-T depression are attributed to the production by 
injury of a region which is partially depolarized at rest, and irresponsive dura- 
tion activation. 

The late appearance of the large upright ‘‘coronary’’ T wave is ascribed to 
the production outside the original area of injury of a partially injured region 
which responds normally to activation, but which lags temporarily behind normal 
tissue in the process of repolarization. 

AUTHORS. 


Hertzman, Alrick B., and Dillon, John B.: Distinction Between Arterial, Venous 
and Flow Components in Photoelectric Plethysmography in Man. Am. J. 
Physiol. 130: 157, 1940. 


This paper studies the possibility of distinguishing ‘‘active’’ from ‘‘ passive 
components, of separating arterial from venous reactions in photoelectric plethysmo- 
grams of the human skin. 

A technique is described for recording the volume pulse separate from the 
plethysmogram, with a photoelectric plethysmograph and capacity couple amplifier. 

The arterial component in the plethysmogram is distinguished by the amplitude 
of the volume pulse. 

The flow component is indicated by the product, amplitude of the volume pulse 
x heartrate. The value of this product appears to parallel flow. 

The analysis of the volume changes recorded in the plethysmogram involves 
evaluating the arterial and flow components by these criteria and so by a process 
of exclusion, differentiating when possible the contribution of the venous com- 
ponent. 

Measurement of the venous pressure in the finger pad by obstructing the return 
with a Girtner capsule indicates a surprisingly high venous pressure in the 
pad and also a high venous tone there. 

Evidence is presented which seems to show that moderately heavy doses of 
amyl nitrite produce prolonged loss of venous tone. 

AUTHORS. 


Parkinson, John: Cardiac Examination in Wartime. Brit. M. J. 1: 428, 1940. 


The recognition of heart disease in men of military age is to be approached 
more on the basis of physical signs than that of symptoms. The work of a 
medical examiner in wartime is difficult enough and constant care must be used 
to prevent the occasional acceptance of a cardiae subject with slight heart disease. 
The physical signs will often be slight or dubious, and difficult to interpret. 
A shaky sign is a poor foundation for a weighty diagnosis though this may rest 
on a trusty sign supported by others less convincing. The author proceeds to 
recapitulate and examine these signs as they apply to the recognition of the early 
stage or minor grades of cardiac disease in recruits and soldiers. 

He emphasizes the importance of the case history of rheumatism or signs 
of a congenital anomaly during early childhood, and the importance of pulse rate, 
the character of the apex beat, the cardiae size, and signs of auscultation of 
altered heart sounds and murmurs. He stresses the importance of signs of con- 
genital heart disease at this period of life. 

McCuLLocn. 
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Mulinos, Michael G., and Shulman, Israel: The Effects of Cigarette Smoking and 
Deep Breathing on the Peripheral Vascular System. Am. J. M. Sc. 199: 708, 
1940. 


Using five different methods, an analysis of the response of the peripheral 
vascular system to smoking and to deep breathing led the authors to conelude 
that deep breathing alone can account for the greater part of the decrease in rate 
of flow, loss of hand volume, and drop in skin temperature resulting from the 
inhalation of cigarette smoke. Denicotinized cigarettes caused as great and ocea- 
sionally greater vasoconstriction than inhaling smoke from a standard brand 


cigarette. 
SCHWARTZ. 


Garvin, Curtis F.: Functional Aortic Insufficiency. Ann. Int. Med. 13: 1799, 
Advanced Hypertensive Disease and Chronic Glomerular Nephritis. Am. J. M. 
Se. 200: 39, 1940. 


A peculiar type of myocardial degeneration appears to be intimately asso 
ciated with the uremic and preuremiec states of arteriolar nephrosclerosis and 
chronie glomerular nephritis. It is found especially in those patients who have 
cardiac failure. The latter may be the outstanding feature of uremic intoxication. 
Pericarditis may be regarded as a complication of this myocardiopathy. 

AUTHOR. 
Garvin, Curtis F.: Functional Aortic Insufficiency. Ann. Int. Med. 13: 1799, 
1940. 


A survey of 200 consecutive autopsied cases of hypertensive heart disease 
discloses fourteen cases in which a diastolic murmur was heard at the base of 
the heart. This finding led to varying degrees of difficulty in clinical interpreta 
tion. In four instances a frank error in etiologie diagnosis was made. At autopsy 
the heart in these cases was dilated but showed perfectly normal valves. In fact, 
the pathologie findings permitted no other conclusion than that the aortic insufti 
ciency noted in life was functional and not due to anatomic changes in the valve 
leaflets. 

It is thought that functional aortic insufficiency occurring in cases of hyperten- 
sive heart disease is more common and more important than is generally recog 


nized. 
AUTHOR. 


Hoff, Alfred: Some Clinical Vagaries Associated With Bacterial Endocarditis. 

Minnesota Med. 23: 25, 1940. 

This paper is a clinical review, including necropsy findings in thirteen cases of 
bacterial endocarditis. 

These cases have been classified according to their presenting symptoms and 
signs on admission to the hospital. 

Embolic manifestations concealed in deep structures may dominate the clinical 
picture of this disease. 

As a result, one may fail to make the correct diagnosis, which comes as a 


surprise finding at necropsy. 
AUTHOR. 
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Altschule, Mark D., and Budnitz, Edward: Rheumatic Disease of the Tricuspid 
Valve. Arch. Path. 30: 7, 1940. 


The clinical syndrome of rheumatic disease of the tricuspid valve is character- 
ized by distention and increase in diameter of all visible veins, hepatomegaly, 
systolic (and in the absence of auricular fibrillation, presystolic), venous and 
hepatic pulsations, cyanosis, jaundice, enlargement of the heart to the right and 
murmurs over the area of the tricuspid valve. The clinical evidence of cirrhosis 
of the liver or of congestive heart failure may complicate the picture. The 
special pathologic condition causing this syndrome consists in insufficiency and 
variable degrees of stenosis of the tricuspid valve, dilatation of the right auricle 
and of the veins and cirrhosis of the liver. The cardiac output is normal when 
congestive failure is not present. Nevertheless, the venous pressure is elevated, 
proving that the rise in venous pressure is due to mechanical obstruction to the 
heart’s inflow of blood. When cardiac decompensation occurs, the output of the 
heart diminishes, and the venous pressure rises above its former high level. The 
relation of the pathologic and physiologic features of the syndrome to its clinical 
manifestations is discussed in detail. 

AUTHORS. 


Bennett, Granville A., Zeller, J. Wallace, and Bauer, Walter: Subcutaneous 
Nodules of Rheumatoid Arthritis and Rheumatic Fever. Arch. Path. 30: 70, 
1940. 


The nodules of rheumatoid arthritis and rheumatie fever differ as much from 
one another as do the granulomas of syphilis and tuberculosis, suggesting that 
they may be due to different agents. The clinical and pathologie differences of 
rheumatoid arthritis and rheumatic fever also favor such an interpretation. It is, 
therefore, suggested that the readily accessible subcutaneous nodules should be 
studied by new and untried methods in the hope that more may be learned con- 
cerning their genesis and cause. The present study has yielded information 
that should be useful in differential diagnosis. 

AUTHORS. 


Rathe, Herbert W.: Rheumatic Heart Disease. J. Iowa M. Soe. 30: 95, 1940. 


The author presents the conventional story of rheumatie fever and its rela- 
tionship to heart disease. He emphasizes that rheumatic fever is a disease of 
the heart; it may be insidious in its development but once developed, the patient 
should be considered as having a crippled heart. 

There is an analysis of 650 cases of organie heart disease observed in an Iowa 
clinic. Of these, ninety-five cases were due to rheumatism. These cases were 
arranged in tables for statistical analysis of rheumatie activity, sex, type of 
pathologie change in the heart, and course of the disease. 

McCuLiocn. 


Plant, Alfred: Hemangioendothelioma of the Lung. Report of Two Cases. Arch. 
ath. 29: 517, 1940. 


A ease is reported of multiple intravascular hemangioendothelioma of the lung 
connected with widespread structural abnormalities of the pulmonary arteries. 
There was also a capillary angioma of the involved lung, and a large defect of the 
interventricular system. A second case of pulmonary endothelioma is briefly de- 
scribed, 
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The different forms of tumors arising in pulmonary vessels are described from 
the literature, and their interrelations and genesis are discussed. 


SCHWARTZ. 


Roesler, Hugo, Gibson, Glen G., and Hussey, Raymond: A Correlation Study 
Between Retinal Vascular Changes, Electrocardiographic Alterations and Radio- 
logical Heart Size in Essential Hypertension. Ann. Int. Med. 13: 1814, 1940. 


Eighty carefully selected cases of essential hypertension were studied from the 
point of view of retinal vascular changes and electrocardiographie alterations, and 
fifty-nine of them as to radiologic heart size, and a correlation between these 
criteria was carried out. 

Retinal vascular changes were noted in all of the selected cases, with 88.8 
per cent graded as sclerosis, hypertensive type. The electrocardiogram revealed 
final deflection changes in 68.8 per cent. <A slight to moderate enlargement of 
the heart was noted in 50.8 per cent, and a marked degree in 27.1 per cent. 

There is a trend toward a positive correlation between electrocardiographic 
alterations and the grade of the retinal arteriolar changes, between cardiae en- 
largement and the grade of the retinal arteriolar changes, and between electro- 
eardiographic alterations and the degree of cardiac enlargement. This correla- 
tion was not demonstrated to be of high statistical significance. 

Some of the possible causes for this incomplete correlation are discussed, 
among which the irregular distribution of the vascular processes and the lack 
of strict parallelism between the systemic and central retinal artery blood pressure 
are stressed. 

Inasmuch as there is an inadequate correlation between the three criteria in 
question, it seems desirable to have, in a given case of essential hypertension, an 
evaluation of the eyveground, electrocardiogram, and heart size, in addition to the 
more routine studies, when one attempts the difficult task of making a prac 


tical prognosis for a patient who has this disease. 
AUTHORS. 


Van Epps, E. F., Hyndman, O. R., and Greene, James A.: Clinical Manifestations 
of Paroxysmal Hypertension Associated With Pheochromcytoma of Adrenal. 
Arch. Int. Med. 65: 1123, 1940. 


The manifestations of paroxysmal hypertension due to an adrenal medullary 
tumor are discussed and the diagnostic aids are emphasized. It is believed that 
such paroxysmal hypertension is usually curable if it is diagnosed before an 
irreparable vascular damage has occurred. One case of proved and one of doubt 


ful pheochromocytoma are reported. 
McCuLlocu. 


Allen, Philip D.: Periarteritis Nodosa Simulating an Acute Abdominal Condition 


OF 


Requiring Operation. Arch. Surg. 40: 271, 1940. 


A ease is reported in which the patient was operated on for a penetrating 
peptic ulcer; exploration revealed no evidence of ulcer but an apparently chronic 
cholecystitis. A cholecystectomy and an appendectomy were performed, and 
material for biopsy was removed from the liver. Pathologic examination of the 
specimens revealed the changes in the gall bladder to be due to a disease of the 
blood vessels supplying it, namely, periarteritis nodosa. The outstanding clinical 
and pathologic features of the disease are discussed. Emphasis is placed upon the 
frequency with which periarteritis nodosa is ineorrectly diagnosed as a_ lesion 


requiring surgical intervention, 
AUTHOR. 


_ 
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Smithwick, R. H.: Surgical Intervention on the Sympathetic Nervous System 
for Peripheral Vascular Disease. Arch. Surg. 40: 286, 1940. 


Sympathectomy yields its most satisfactory clinical results when it is per- 
formed in such a way that the area is completely denervated by a preganglionic 
procedure. It is important also that the operation be performed in such a manner 
as to guard against regeneration. 

The most brilliant results are obtained in cases of purely vasospastice dis- 
orders. However, worth-while improvement may often follow if sympathectomy 
is performed when both obliteration and spasm of arteries are known to exist. 

Various methods of testing for vasospasm are discussed. The value of study- 
ing reflex vascular and sweat gland activity is emphasized, particularly with 
regard to determining both the completeness and the permanence of the results 
of any operative procedure. The importance of clinical observation and judgment 
based on experience is mentioned in connection with the selection of cases for 
operation. 

Various changes which take place after sympathectomy are considered in 
some detail. The difference between complete and incomplete sympathectomy 
is brought out. The question of ‘‘relapse’’ due to partial regeneration of 
sympathetic pathways is discussed with particular reference to reflex vascular 
and sweat gland activity. 

The operative technique which has been found to produce the most satisfactory 
denervation of both upper and lower extremities is described briefly. 

Clinical results in cases of both primary and secondary vasospastie disorders 
are tabulated. The results in various surgical measures utilized in the manage- 
ment of patients with thromboangiitis obliterans are discussed in terms of the 
incidence of major amputations. 

AUTHOR. 


Murray, Gordon: Heparin in Surgical Treatment of Blood Vessels. Arch. Surg. 
40: 307, 1940. 


In 440 patients in the hospital treated with heparin, thrombosis and embolism 
did not occur. Patients with thrombophlebitis were thought to be improved by 
treatment. Striking improvement was observed in a group of patients with pul- 
monary embolism; with one possible, but unproved, exception, none of these 
patients had further embolisms, and none died of pulmonary embolism. Embolec- 
tomies were successful in twelve cases when heparin was used. In one case a 
venous graft was placed in an artery; this remained patent and functioned satis- 
factorily. It is suggested that heparin is a most important agent for prevention 
of thrombosis when operation for repair of blood vessels is undertaken. Heparin 
might also be used to advantage for disease in which thrombosis and clotting in 
the blood vessels oecur. 

AUTHOR. 


Freeman, Norman E.: Influence of Temperature on the Development of Gangrene 
in Peripheral Vascular Disease. Arch. Surg. 40: 326, 1940. 


Gangrene results from a discrepancy between the demands of the tissues and 
the supply of blood to meet these nutritional needs. 

Experimental investigations of the effect of temperature on the volume flow 
of blood through sympathectomized extremities indicate that the circulation 


is conditioned by the metabolic requirements of the tissues. 


— 
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The metabolism of the tissues increases directly with the temperature. 

In the presence of organic occlusive vascular disease, the application of un- 
regulated heat may precipitate gangrene, since it may increase the metabolism 
of the tissues more than it increases the circulation. 

Use of a thermoregulated cradle of simple construction is suggested in order 


to maintain the environmental temperature at the desired level. 
AUTHOR. 


Herrmann, Louis G., and McGrath, Edward J.: Effect of Estrogens on Vascular 
Spasm Due to Active Angiitis in the Extremities. Arch. Surg. 40: 334, 1940. 


A total of sixteen patients with marked secondary vasoconstriction associated 
with active angiitis in the extremities has been studied and then given estrogens 
as the primary therapeutic agent. In this review of our experiences, an attempt 
has been made to present our interpretation of the benefits which have resulted 
after a careful analysis of the patient’s account of the subjective benefits, to- 
gether with the objective evidence of importance which we have gathered from 
repeated vascular studies. It must be emphasized that three patients of this series 
who had active thromboangiitis obliterans have returned after several years with 
reactivated acute angiitis. 

The cholinergic effect of the estrogenic substances appears to supply only a 
partial explanation of these clinical results. What other effects may be exerted 
on the diencephalic vasomotor centers through the primary effect of the estrogenic 
substances on pituitary function is a problem for further study. It is a clinical 
fact, however, that all patients do not react alike to these substances, and the 
apparent difference between the reaction of the male organism and that of the female 
organism might be explained on the basis of less intense action on the central 


vasomotor centers. 
AUTHORS. 


Kvale, Walter F., Smith, Lucian A., and Allen, Edgar V.: Speed of Blood Flow 
in the Arteries and in the Veins of Man. Arch. Surg. 40: 344, 1940. 


The methods of study which we have used indicate that the speed of the flow 
of blood in the arteries and in the veins of the extremities is influenced by a 
number of factors. Chronie occlusive arterial diseases usually slow the arterial 
circulation, but they do not always do so. Hyperthyroidism increases the speed 
of blood flow; hypertension slows it in the lower extremities; sympathectomy 
speeds it greatly, as does increasing the temperature of the skin of the digits. 
Elevation of an extremity increases the speed of flow of venous blood, but when 
the subject stands the speed of flow of arterial blood is decreased. Digestion is 
associated with an increase in speed of blood flow, and exercise accelerates flow 
in arteries and veins. Operation usually reduces the speed of the flow of blood 
in the veins of the lower extremities. 

AUTHORS. 


McKittrick, Leland S.: Diabetic Gangrene. Review of 972 Cases of Gangrene 
Associated With Diabetes Mellitus Treated at the New England Deaconess 
Hospital. Arch. Surg. 40: 352, 1940. 

The organization at the New England Deaconess Hospital for the care of 
patients with diabetes mellitus and a gangrenous lesion of an extremity is de- 


seribed. 
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Nine hundred and seventy-two cases of obliterative vascular disease in patients 
with diabetes mellitus are reviewed. 

The sex distribution was about equal. The average age was 64.3 years. The 
average duration of diabetes was eight and seven-eighths years. The mortality 
in the hospital was 9.4 per cent. The mortality after major amputation was 13.9 
per cent. 

The causes of death in seventy-three fatal cases are discussed. 

A comparison is given of the results following the use of silk and catgut 
sutures in 112 consecutive primary supracondylar amputations, 

The cases of one hundred consecutive patients who left the hospital after a 
major amputation for gangrene have been followed. The incidence of gangrene 
of the other extremity, the survival rates, and the average postoperative duration 
of life are given. 

The end results in the cases of thirty-three patients who left the hospital after 
refusing amputation are given. 

AUTHOR. 


Green, Harold D., and Gregg, Donald E.: Changes in the Coronary Circulation 
Following Increased Aortic Pressure, Augmented Cardiac Output, Ischemia and 
Valve Lesions. Am. J. Physiol. 130: 126, 1940. 


Records of the moment-to-moment rates of flow and of the total inflow into the 
left coronary artery of dogs have been taken with the orifice meter together with 
the aortic and peripheral coronary pressures under different dynamic conditions. 

Study of such indicates that during both systole and diastole the total and 
intramural flows increase following aortie compression, blood transfusion, ischemia 
and aortie insufficiency (only during systole), while in diastole of the latter the 
intramural flow decreases and the total flow increases. The pressure differentials 
follow in the direction of the metered flows but since they change much less 
they can provide only a qualitative measure of flow. These differential pressure 
changes may be less than, greater than, or the same as the flow alterations. 

The latter findings permit certain deductions, provided one subscribes to the 
idea previously advanced that changes especially during diastole, in the ratio 
of intramural flow to differential flow may indicate alterations in size of the 
available coronary bed, and in addition that changes in systolic peripheral coronary 
pressure reflect changes in extravascular compression or support. 

Calculations made upon this basis indicate that following increase of cardiac 
work through simple elevation of aortic pressure the available coronary bed 
becomes smaller while in ischemia and in augmented ecardiae work due to in- 
creased cardiae output the bed increases, because in the former the diastolic 
flow increases less than the pressure differential while in the latter the reverse 
is true. Substantiating this is the observation that the minute flow per millimeter 
Hg aortie pressure decreases with aortic compression and increases with aug- 
mented venous return, 

In elevation of aortie pressure, augmented ecardiae output, aortic stenosis and 
aortie insufticiency, but not ischemia, the extravascular support is presumably 
increased as evidenced by the increased peripheral coronary systolic pressure. 
However, failure of such increase in extravascular compression to rise con- 
comitantly with the aortie systolic pressure is in part responsible for the aug- 
mentation of systolic flow in these conditions and its converse for the reduction 
of flow in aortic stenosis. 

AUTHORS. 
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Schlesinger, Monroe J.: Relation of Anatomic Pattern to Pathologic Conditions 
of the Coronary Arteries. Arch. Path. 30: 403, 1940. 


The coronary artery pattern is not the same in all its details in any two 
human hearts. These multitudinous variations ean be classified into three 
definitely different, distinctive anatomie and functional groups. In group I, com- 
prising 48 per cent of human hearts, the right coronary artery predominates in 
the blood supply of the heart; these hearts are intermediate to the other two 
groups in their reaction to the ravages of coronary arteriosclerosis. In group 
II, comprising 34 per cent of human hearts, the coronary artery blood supply of 
the heart is balanced between the right and left coronary arteries; these hearts 
suffer the least from the effects of coronary arteriosclerosis. In group III, com- 
prising 18 per cent of human hearts, the left coronary artery predominates in 
the blood supply of the heart; these hearts suffer the most from the effects of 
coronary arteriosclerosis. 

AUTHOR. 


Veal, J. Ross: Thrombosis of the Axillary and Subclavian Veins. With a Note 
on the Post-Thrombotic Syndrome. Am. .J. M. Se. 200: 27, 1940. 


The symptom complex of thrombosis of the axillary and subclavian veins is 
reviewed. <A classification and examples of the various types of thrombosis are 
given. Clinical studies from seventeen cases are recorded. 

The frequency of secondary thrombosis from malignancies of chest and axilla 
is emphasized. The development of collateral circulation after occlusion of the 
axillary and subclavian veins is discussed. An explanation of the post-thrombotic 
syndrome, based on the inadequate collateral circulation and elevation of the 
local venous pressure, is offered. A résumé of treatment for the various forms 


of thrombosis is outlined. 
AUTHOR. 


Culp, Ormond §S.: Postoperative Venous Thrombosis and Pulmonary Embolism. 
Bull. Johns Hopkins Hospital 67: 1, 1940. 


During the past twenty vears 6.62 per cent of all the postoperative deaths on 
the urologic service were due to proved fatal pulmonary embolism. All of the 
8,163 operations performed during the same period have been reviewed and eighty 
ight cases of postoperative pulmonary embolism found. These included five 


elg 


types of cases: <A, proved fatal embolism (32), B, presumptive fatal embolism 
(11), C, pulmonary infarets with recovery (21), D, infected pulmonary infarcts 
(4), and E, incidental pulmonary infarets (20). 

Eight additional cases of fatal pulmonary embolism, proved by autopsy, 
oceurred in patients who had not been subjected to operation. 

Each group of cases has been analyzed in an attempt to determine the con 
tributing factors. Several prophylactic measures have been recommended. 
In most instances, the predisposing venous thrombosis was not diagnosed 
clinically. Several patients were subjected to operation or allowed out of bed 
in the presence of unrecognized thrombosis in the leg, with fatal results. 

Routine leg measurements, at 10 em. levels beginning at the lower level of the 
external malleolus and extending as high on the thigh as possible, on admission, 
before operation and before getting the patients out of bed, have been inaugurated 
in the hope of recognizing more cases of peripheral thrombosis and thus re- 
ducing the incidence of pulmonary embolism. The results have been encouraging, 
and leg measurements are recommended as a routine procedure for all hospital 


. 
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patients. Any diffuse increase in the size of one or both legs over the admission 
measurements should suggest venous thrombosis. Other causes of enlargement are 
mentioned in the paper. Absolute bed rest should be instituted at once in all 
cases of peripheral thrombosis in an effort to prevent embolism. 

AUTHOR. 


Johnson, Allen S.: The Antemortem Diagnosis of Pulmonary Embolism. New 
England J. Med. 222: 793, 1940. 


A study of forty-three fatal cases, in which autopsy revealed pulmonary em- 
holism to have been the immediate cause of death, is presented. Dyspnea, tachy- 
cardia, and cyanosis, in contrast to pallor, are early and frequent signs. No 
electrocardiographie studies were possible in this series. The pitfalls in clinical 
diagnosis of pulmonary embolism are illustrated. 

SCHWARTZ. 


Drinker, Cecil K., Warren, Madeleine Field, Maurer, Frank W., and McCarrell, 
Jane D.: The Flow, Pressure, and Composition of Cardiac Lymph. Am. |. 
Physiol. 130: 43, 1940. 


A method for collecting the entire lymph flow from the heart is described. 

Cardiae lymph flow varies directly with the vigor of the heartbeat. It in- 
creases with dilution of the blood proteins and consequent enhancement of 
capillary filtration. 

The composition of cardiae lymph is described in some detail in six dogs and 
is compared with that of the pericardial fluid. 

The cardiac lymph is a filtrate from the blood capillaries. Normally it con- 
tains serum albumin and globulin and it clots. Furthermore, if horse serum is 
given intravenously, it can be detected immunologically in the lymph, and 
similarly gum acacia is also found in this lymph after intravenous injection. 


AUTHORS. 


Jensen, Julius, Wegner, Carl, Keys, Edgar H., Jr., and Smith, Hugh R.: Heart 
Disease and Pregnancy. Am. J. Obst. & Gynec. 39: 448, 1940. 


The experience with cardiac patients from 1930 to 1938 in the Department of 
Obstetrics of Washington University is analyzed. Patients with hypertensive 
or degenerative heart disease were excluded unless they also suffered from valvular 
disease of the heart. This material conforms fairly well with the general experi- 
ences reported in the literature when distributed according to age, gravidity, 
etiology of heart disease, anatomic lesions, and eardiae funetion. Of the patients 
admitted to the St. Louis Maternity Hospital during this period, eight died from 
cardiac causes within six months of delivery. Only two of these had been 
regular patients of the prenatal clinic, and, on further analysis, it was found that 
among the patients properly handled and cooperating with the clinic, there were 
no deaths. This experience indicates that, while some cardiae patients should 
not become pregnant and should have pregnancies interrupted if they do be- 
come pregnant, the large majority of them can be earried successfully to term 
if given adequate prenatal care. 

In the St. Louis Maternity Hospital heart disease takes a place among the 
causes of death comparable to that which it takes in the Boston Lying-in Hos- 
pital and the Charity Hospital in New Orleans. 

Auricular fibrillation was rarely seen, but here, as elsewhere, it was found to be 


a serious complication. The functional classification of the cases was similar to 
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the general experience reported in the literature, and its prognostic value was 
well borne out. However, this analysis failed to establish a correlation between 
sardiae enlargement as shown by x-ray records and cardiac function. In one case, 
active rheumatie carditis prevented continuation of pregnancy. There was no 
evidence that patients with rheumatic heart disease are especially liable to 
eclampsia. 

The treatment of these cases has been conducted along generally accepted lines, 


with gratifying results. 
AUTHORS. 


Ebert, Richard V., and Stead, Eugene A., Jr.: The Effect of the Application vi 
Tourniquets on the Hemodynamics of the Circulation. J. Clin. Investigation 
19: 561, 1940. 


In five subjects (four normal and one with chronie arthritis) the basal blood 
volume averaged 5,580 ¢.e. The blood volume of the head, the trunk, and one 
arm averaged 4,680 c.c. Therefore, the average amount of blood in one upper 
and two lower extremities was 900 ¢.c., or approximately 16 per cent of the total 
blood volume. 

In the same five subjects an average of 720 ¢.e. of blood was removed from 
head, trunk, and arm by placing venous tourniquets at diastolic pressure on three 
extremities. This represented 15 per cent of the volume of blood normally 
circulating in the head, trunk, and arm. 

In four of seven normal subjects tested, sufficient blood was pooled in the ex- 
tremities to produce symptoms of collapse, i.e., nausea, sweating, and pallor. In 
two hypertensive subjects the venous tourniquets produced a marked fall in 
arterial pressure and profound collapse. 

In one hypertensive subject pooling of blood in the extremities caused the 
disappearance of a marked diastolic gallop. This indicated that the tourniquets 
were effective in lowering the pulmonary venous pressure. 

When tourniquets were applied to the extremities, the plasma volume was 
lowered by transudation of fluid into the tissues. Thus the beneficial effect of 
the tourniquets persists in part for some time after release. 

This investigation demonstrated that as much blood was removed from the 
general circulation by venous tourniquets as by the usual phlebotomy. It presents 


a rational basis for this method of treatment of left ventricular failure. 


AUTHORS. 


Kaltreider, Nolan L., and Palmer, Walter Lincoln: The Effect of Exercise on the 
Volume of the Blood. J. Clin. Investigation 19: 627, 1940. 


Determinations of the volume of the blood were made at rest and variations 
in this volume were followed during and after varying grades of exercise in 
normal subjects and in individuals suffering with cardiae disease. Additional 
observations included measurements of the blood hemoglobin and viscosity, serum 
proteins, and venous pressure. The results of this investigation lead to the 
following conclusions: 

In normal individuals during moderate exercise there is a prompt and definite 
decrease in the plasma volume, accompanied by a corresponding decrease in the 
blood volume, while the changes in the cell volume are variable though slight. 
These changes are associated with an increase in the blood hemoglobin and 


viscosity, the serum proteins and the venous and arterial pressures. Following 
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exercise the plasma volume gradually increases and twenty-five minutes after 
exercise the plasma volume, blood hemoglobin, and serum proteins reach the 
pre-exercise values. 

During exhaustive exercise in normal subjects, there is a further decrease in 
plasma volume accompanied by a moderate increase in the cell volume. Twenty- 
five minutes after the cessation of exercise the plasma volume is still diminished 
and the blood hemoglobin and serum proteins are increased. 

In patients with compensated heart disease, the changes in the blood volume 
during and following exercise are similar to those of normal subjects. 

The increase in red blood cells and hemoglobin concentration resulting from 
exercise is brought about mainly by passage of protein-poor fluid from the 
vascular system into the interstitial spaces. It is only during severe or exhaustive 
exercise that new cells are added to the circulating blood. 

AUTHORS. 


Friedlander, Mae, Silbert, Samuel, and Bierman, William: Regulation of Circula- 
tion in the Skin and Muscles of the Lower Extremities. Am. J. M. Se. 199: 
657, 1940. 


Further evidence is presented to show that the regulation of the circulation 
in the skin differs from that in the muscles of the lower extremities. The circula- 
tion was influenced by lumbar paravertebral alcohol injections, by spinal anes- 
thesia, by intravenous injections of hypertonic and physiologic sodium chloride 
solution, by adrenalin and by immersion of forearms in hot water and by typhoid 
vaccine. In each case temperature within calf muscles, skin temperatures of 
great toes, and rectal temperature were noted concurrently. Only intravenous 
injection of hypertonic salt solution increased circulation in both skin and 
muscles as indicated by temperature rises, while adrenalin injected intravenously 
caused a rise of muscle temperature and an initial fall of skin temperature fol- 
lowed by a rise. All others caused a fall in muscle temperature and a rise of skin 
temperature. 

ScHWARTZ. 


Moon, Virgil H.: Circulatory Failure of Capillary Origin. J. A. M. A. 114: 
1312, 1940. 


A review is presented of the present views of peripheral circulatory failure, 
or circulatory failure of capillary origin. Since one of the earliest dependable 
signs of this condition is hemoconcentration, efforts to combat this type of 
circulatory deficiency must be directed toward restoration of blood volume and 
toward relieving the anoxia, because there is at present no means of combatting 


capillary atony. 
SCHWARTZ. 


Foote, Stephen A., Jr., Reed, Wilford C., Comeau, Wilfred J., and White, Paul D.: 
The Clinical Significance of Bilateral Edema of the Lower Extremities. Am. 
J. M. Se. 199: 512, 1940. 


Because of the frequency with which edema of the lower extremities is at- 
tributed to congestive heart failure, and the resultant inaccurate therapy, the 
authors have surveyed 100 unselected cases of bilateral edema of the lower ex- 
tremities from the outpatient department, and 100 cases from the medical and 
surgical wards, with a view to causation. In the outpatient group, the causa- 


tive factors occurred in the following order: varicose veins (fifty-six cases), 
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with obesity (thirty-one cases), without obesity (twenty-five cases); obesity alone 
(thirteen cases); cardiac failure (thirteen cases); lymphedema (four cases) ; 
renal disease (three cases); nutritional factors (three eases); cirrhosis of the 
liver (two cases); and miscellaneous (six cases). 

The ward group showed the following frequency: congestive heart failure 
(sixty cases); varicose veins or obesity alone or in combination (twelve cases); 
renal disease (seven cases); nutritional factors (seven cases); cirrhosis of the 
liver (seven cases); leucemia (two cases); myxedema (two cases); and miscel- 
laneous factors (three cases). 

Thus in ambulatory cases, cardiac failure as an etiologic factor is less common 
than often thought, although in ward eases, cardiac failure is by far the most 


common cause. 
SCHWARTZ. 


Ecker, Arthur D., Ayer, Wardner D., and O’Connor, Frederick J.: Increased 
Intracranial Pressure Attributed to Venous Obstruction: Beneficial Effect of 
Upright Posture. J. A. M. A. 114: 1440, 1940. 


A ease of intracranial hypertension following mastoidectomy with opening and 
packing of a lateral sinus is presented. It is suggested that the otitie hydro- 
cephalus, or serous meningitis, as it is sometimes called, may be a matter of ob 
struction to venous outflow from the cranial cavity. In this case, maintenance 
of the patient’s head higher than the rest of the body was followed by prompt 
relief of symptoms and decrease in spinal fluid pressure as well as by early 
subsidence of choked disks. 

ScHWARTZ. 


Werley, G.: Growing Interest in Heart Disease in the Southwest (Since 1915). 
Southwestern Med. 24: 61, 1940. 


The author describes the progress made in cardiology in this region since 1915. 
He describes particularly the introduction of the electrocardiograph and of 
the interest in coronary thrombosis. He also describes the development of the 
Cardiac Clinic in El Paso. Changing ideas are expressed in a review of the 
author’s personal experiences with his patients. 


Ochsner, Alton, and Smith, M. C.: The Use of Vitamin B, for the Relief of Pain 
in Varicose Ulcers. J. A. M. A. 14: 947, 1940. 


Vitamin B,, one milligram a day in the form of Betaxin, was administered to 
ten patients with painful varicose ulcers. Eight showed complete subsidence of 
symptoms in three to eleven days. There was definite improvement in the heal- 
ing of the ulcers. An explanation for the relief of pain following therapy is ad- 
vanced, 

SCHWARTZ. 


Dean, G. O., and Dulin, J. W.: Pulmonary Embolism Following the Injection 
Treatment of Varicose Veins. J. A. M. A. 114: 1344, 1940. 


In a series of 600 cases of varicose veins, two deaths resulted from embolism 
after injection therapy. In neither of these cases was there a preceding saphenous 
ligation, nor were the patients kept ambulatory following the injections, precau- 
tions which the authors consider necessary for best results. 

SCHWARTZ. 
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Cogswell, H. D., and Shirley, Clayton: Treatment of Varicose Veins. Am. |J. 


Surg. 48: 444, 1940. 


The technique of combined ligation and injection in treatment for varicose 
veins which has been most successful in the experience of the authors is presented, 
along with a brief description of the tests which they consider are useful in pre- 
liminary evaluation of the circulation of the lower extremities. 

SCHWARTZ. 


Smithwick, Reginald H.: The Rationale and Technic of Sympathectomy for the 
Relief of Vascular Spasm of the Extremities. New England J. Med. 222: 699, 
1940. 


The rationale of sympathetic denervation of the extremities for the relief of 
vascular spasm of the extremities is discussed. Detailed descriptions are given 
of the surgical techniques which have been found by the author to give the best 
clinical results in the case of both the upper and the lower extremities. 


SCHWARTZ. 


Cogswell, H. D., and Thomas, C. A.: Treatment of Traumatic Thrombosis of the 
Brachial Artery by Intermittent Venous Occlusion. .J. A. M. A. 114: 1863, 
1940. 


A thirty-nine-year-old man received a crushing injury to his right arm, result- 
ing in thrombosis of the brachial artery. This was treated with intermittent 
venous occlusion, with good results. 

McGovERN. 


Perlow, Samuel: Prostigmine in the Treatment of Peripheral Circulatory Dis- 
turbances. J. A. M. A. 114: 1991, 1940. 


The results in thirty-one cases of peripheral circulatory disturbance indicate 
that prostigmine is an excellent vasodilator and as such is a useful adjunct in the 
treatment of peripheral circulatory disturbances in which vasospasm is a factor. 
The patients treated included those with thromboangiitis obliterans, arterio- 
sclerosis, Raynaud’s disease, acrocyanosis, and acute vascular occlusions. 

Prostigmine was given orally in doses of 7.5 milligrams three times daily. 
Some patients required 15 milligrams three times daily. 

NAIDE. 


Grollman, Arthur, Harrison, T. R., and Williams, J. R., Jr.: Therapeutics of 
Experimental Hypertension. J. Pharmacol. and Exper. Therap. 69: 76, 1940. 


The effect of sodium nitrite, potassium thiocyanate, erythro] tetranitrate, 
Allium sativum, acetyl-8-methylcholine, and renal extract on the blood pressures 
of rats rendered hypertensive by operative means was investigated. Only renal 
extract reduced the blood pressure to normal levels, all the other so-called ‘‘hypo- 
tensive’’ substances being inactive in this respect. The administration of rela- 
tively large amounts of sodium chloride did not markedly elevate the blood 
pressure. 

SCHWARTZ. 


Book Reviews 


PHE ELECTROCARDIOGRAM IN CONGENITAL CARDIAC DISEASE. By Maurice A. Schnitker, 
B.Se., M.D., Formerly Resident Physician, Peter Bent Brigham Hospital and As 
sistant in Medicine, Harvard University Medical School. Associate Attending 
Physician, Toledo Hospital, ete. Harvard University Press, Cambridge, Massa 


chusetts, 1940, 140 pages, profusely illustrated, $3.00. 


The electrocardiograms in 109 cases of congenital heart disease were collected; 
in 106 of these cases necropsy had been performed. The material was obtained from 
the literature since 1915, and from various sources in Boston, Short summaries of 
clinical and necropsy observations are included. The eases were classified according 
to the method of Maude Abbott. 

The author has displayed commendable energy in making this collection and at 
tempting to analyze his material. The book will prove convenient for those who 
wish to refer to groups of electrocardiograms obtained from patients who were 
known to have had the type of congenital heart disease under consideration. The 
tracings are about as heterogeneous as anyone with experience in this field would 
expect them to be. 

The attempt to correlate electrocardiographic patterns with clinical diagnoses 
according to the Abbott classification did not appear to be highly successful; this out 
come could have been predicted. There is one error which seems significant. The trae 
ing published as normal for a woman, 21 years old, shows a heart rate of about 120 
and a Q-T interval long enough to make one suspect that the calcium content of the 
blood was low. Any experienced worker would need no more than one glance at such a 
tracing to realize that it was abnormal. 

CHARLES WOLFERTH. 


CYCLOPROPANE ANESTHESIA. By Benjamin Howard Robbins, M.D., Associate Pro 
fessor of Pharmacology, Vanderbilt University School of Medicine, Williams and 
Wilkins, Baltimore, 1940, 175 pages, 40 illustrations, $5.00. 


Dr. Robbins has been in close touch with the rapid advances in our knowledge 
the use of cyclopropane as an anesthetic agent, and his own investigations of its 
pharmacologic properties merit careful consideration. This review of his book will 
be confined to the section which deals with the cardiovascular system. 

The author’s studies of the effect of cyclopropane on the circulatory system have 
led him to believe that the cardiac irregularities which occur under cyclopropane 
anesthesia are the result of (1) anoxemia caused by respiratory depression or arrest 
during deep anesthesia, or (2) of increased vagal tone secondary to premedication 
with morphine. In dogs which had not been premedicated, no such irregularities 
appeared until respiratory arrest, with a pronounced reduction in arterial oxygen 
saturation, had developed. With adequate artificial respiration, the concentration 
of cyclopropane could then be increased by about 30 per cent before the irregularities 
The fact that these irregularities occurred only when the arterial oxygen 


reappeared, 
not 


saturation became reduced led him to conclude that, in the animal which had 
been premedicated, they were the result of anoxemia. 

Experiments on dogs which had been premedicated with morphine showed that 
eardiae irregularities occurred early, before cessation of respiration, when the arterial 
oxygen saturation was still adequate. He attributed this to the increase in vagal 
tone produced by morphine. 
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He thinks that scopolamine or atropine, which are commonly used with morphine 
premedication, may also predispose to cardiac irregularities, for, in therapeutic doses, 
they do not paralyze the vagal endings, but tend to increase the tone of the vagus 
center. As a substitute for morphine-seopolamine premedication, he suggests barbit- 
urates, particularly amytal. He found that the incidence and time of onset of 
cardiac irregularities in dogs which had been premedicated with barbiturates were 
the same as in nonpremedicated animals. He agrees with Meek, Hathaway, and 
Orth that cyclopropane causes increased irritability of the specialized tissues of the 
heart, and has confirmed the observation of Waters that it increases the heart rate 
in dugs which have not been premedicated. He has found that, with morphine pre- 
medication, cyclopropane decreases the heart rate, whereas, with barbiturate pre- 
medication, an increase occurs. 

When cyclopropane is used, the cardiac output is increased during light anesthesia, 
and decreased during deep anesthesia; the blood pressure rises in dogs which have 
not been premedicated, falls in morphinized dogs, and remains unchanged in dogs 
which have been premedicated with barbiturates. The effects on man are not exactly 
the same as on dogs. 

Dr. Robbins will probably be eriticized for advocating the use of barbiturates 
for clinical preanesthetic medication because they seem to aggravate the laryngo- 
spasm and bronchiolar constriction which sometimes occur during cyclopropane 
anesthesia. In addition, the barbiturates do not reduce reflex irritability or relieve 
pain, both of which should be accomplished by preanesthetie medication. 

The book is concerned primarily with laboratory investigation. It is well or- 


ganized, well written, complete, and authoritative. 
Stuart C, CULLEN. 
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HE American Heart Association stands alone as the national organization devoted 

to educational work relating to diseases of the heart. Its Board of Directors is 
composed of twenty-five physicians representing every portion of the country. 

The Section for the Study of the Peripheral Circulation was organized in 1935 for 
the purpose of stimulating interest in investigation of all types of diseases of the 
blood and lymph vessels and of problems concerning circulation of blood and lymph. 
Any physician or investigator in good standing may become a member of the section 
after election to the American Heart Association and payment of dues to that 
organization. 

To coordinate and distribute pertinent information, a central office is maintained, 
and from it issues an ever widening stream of books, pamphlets, charts, posters, 
films, and slides. These activities all concern the recognition, prevention or treat- 
ment of the leading cause of death in the United States, diseases of the heart. The 
AMERICAN HEART JOURNAL is under the editorial supervision of the Association. 

The income from membership and donations provides the sole support of the Asso- 
ciation. Lack of adequate funds seriously hampers more widespread educational and 
research work imperative at this time. Great progress has been made, but much 
remains to be done. 

Annual membership is $5.00 a year and journal membership at $10.00 includes a 
year’s subscription (January-December) to the AMERICAN HEART JOURNAL and an- 
nual membership in this Association. A cordial invitation to join in this crusade is 
extended to you. 

The American Heart Association solicits your support to the end that it may con- 
tinue more effectively the campaign to which it has devoted all its energy. 


*Executive Committee. 


